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Rebiable Direct Sources the Workd Ouer 


FOR 


VEGETABLE TANNING MATERIALS 


QUEBRACHO 
WATTLE EXTRACT 
WATTLE BARK 
MANGROVE BARK 
MYRABOLAMS & EXTRACT 
VALONEA & EXTRACT 

DIVI DIVI 
CUTCH 

SUMAC—LEAF & GROUND 

TARA—PODS & POWDER 

OAKWOOD EXTRACT, Swedish 
LARCHBARK EXTRACT, Swedish 


v 


U. S. of A. Sales Agents for “’N.C.S.”" Brand South African Wattle Extract 
U. S. of A. Sales Agents for “SENS” Brand Powdered Valonea Extract 


The Olson Sales Agency, Inc. 
Sport + Export 
20 BROAD STREET wear wait street) NEW YORK 5, N. Y. 


Cable Address: Telephones: 
ae oe 0226 
COROSAGE piBy 4.0226 





I 
Every one of our field technicians has spent 
his entire business life working with tanners! 


J When you call in one of our field technicians, you 
can do it with full confidence that he knows his job 


thoroughly . . . knows your problems and can help 


you solve them. That’s because every one of these 
men has spent the better part of his life working with 
the leather industry. 


Each is a specialist in leather oils and their correct 
application. Each is backed by our 87 years of ex- 
perience . . . our complete research facilities .. . 
our tested quality products. 


Why not consult your Socony-Vacuum Representa- 
tive for help with your problems? 


PF Vi 


GARGOYLE Lowther ik e Creaces 


SOCONY-VACUUM OIL COMPANY, INC., TANNERS DIVISION, 26 BROADWAY, NEW YORK 4, N. Y. 





SPRUCE EXTRACT 


POWDERED SUPER SPRUCE 


LACTANX 


Robeson Process Company 


Operating Plant at Erie, Pa. 
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MECO EXTRACT 


ONE GRADE—THE BEST 


CHESTNUT WOOD EXTRACT 
All Concentrations, Liquid to Dry Powder 


Teas Extract Co. 
| 6400 Centennial Boulevard | 


ANDREWS PLANT 
Nashville, Tenn. Andrews, N. C 
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Ce pacagphivbale ANILINE DIVISION 


ALLIED C ICAL & DYE CORPORATION 


RECTOR STREET, NEW YORK 6, NEW YORK 
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MELAMINE RESIN TANNING AGENT 


upgrades both white and colored leathers 
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TANAK MRX Melamine Resin Tanning Agent has become the choice of experienced tanners 
everywhere because of the way it increases the desirable properties of today’s leathers. Increased 
grain tightness, better weight, fuller bellies and flanks, better ‘“‘break’’ on both whites and col- 
ored leathers are some of the results you can expect when you use TANAK MRX. On whites, 
its thorough penetration insures maximum whiteness—even after deep buffing. Standardize on 
TANAK MRX Melamine Resin Tanning Agent to bring out the best in your leathers. 


Other performance-proved Cyanamid Tanning Specialties include: 


DEPILIN® XC Unhairing Agent . . . for cleaner, whiter stock and better control; 
CUTRILIN® Bates . . . the pancreatic “bates of choice’ in the tanning industry; 
TWECOTAN?® Tanning Extracts* . . . blends to meet specific tanning requirements; 
DYEWOODS and EXTRACTS® .. . a full line for every important need; 


TANAK® Synthetic Tanning Agents . . . ideal for improving the quality of leather during both chrome and 
vegetable tanning; 


BETASOL® OT Wetting Agent . . . most powerful wetting agent available for tanning. 


AMERICAN Ganamid COMPANY 
Write today for complete information 


on any of these products. INDUSTRIAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N. Y. 
In Canada: North American Cyanamid Limited, Toronto and Montreal 


*Made by Taylor White Extracting Company—Cyanamid sole distributors 





ARKOTAN: 


Highly efficient tanning assist adaptable for vege- 


table, chrome, alum and formaldehyde tannages. 


@ Imparts silky grain to the leather with increased roundness 
and improved tensile strength. 


@ Can be used as a mordant with excellent results on calf, 
side and glove leather. 


@ A perfect pre-tannage for shearlings. 
@ Produces a clean, white leather when used in conjunction 


with chrome in the tannage and as a bleach on top. 


Information, samples and demonstration upon request. 


ARKANSAS COMPANY, Inc. 
Newark, \. J. 


Manufacturers of Industrial Chemicals 
for over 50 years 





How to give a skin DEEP BEAUTY 


The leather industry’s answer to competition is to bring out every jot of 
beauty that is in leather—and only in leather. Uniformly controlled tan- 
ning, deep and thorough, with the finest tanning materials is your way to 
bring out the best that’s in a hide. 


Diamond offers you: 


TANOLIN®, (five types) the one-bath chrome tan that produces high- 
quality leather. 
BICHROMATE, pure, dry, dust free, uniform. Used by more leading tanners 
than any other bichromate. 
FAT LIQUORS, a complete line including low and highly sulphonated oils. 
NEUTRALIZERS, where accurate pH control is essential, ask for DiaMoNnD 
Bicarbonate of Soda. 

Qui k delivery from eight warehouse points; ten sales offices. 

Expert advice from your DIAMOND representative, who is trained in 
leather chemistry. 


, 
DIAMOND CHEMICALS A a, 


FOR THE LEATHER INDUSTRY (i 


CHEMICALS 
@ 
DIAMOND ALKALI COMPANY + CLEVELAND 14, OHIO ia 


ns 





——~ 


JACQUES WOLF 


PRODUCE HIGH GRADE 


LEATHER 


SYNEKTAN 0-230 FAT LIQUOR L-90B 


For White Leather At Reasonable Cost 
White Leather In Sheep, Gcat, Calf Or Sides 
White Tan In Combination With Chrome 
White Nubuck, White Suede 
White Bleached Chrome Stock 
White Extract Type Of Leather 


FUNGIZYME BATES 
AS — BS — CS 


Pancreatic bating salts of standard, 
controlled quality. 


SULPHONATED OILS (Various Bases) 


MONOPOLE OIL (For Finishing) 


SAMPLES AND INFORMATION UPON REQUEST. 


los Angeles, Calif. 
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n A assures permanent body 
suedes. 
value in the tanning 
of light and calf skins, particularly those 
to be processed into suede, for it produces body fullness 
and improved nap with little loss in color value. 
LEOTAN A guarantees increase in body and tightness of 
the flanks without abnormal loss in footage. 


For better leather quality and less skin wastage, use 


LEOTAN A. Send for a sample and further information today. 


(‘Division of General “Dyestuff Corporation) 
435 HUDSON STREET: NEW YORK 14, NEW YORK 
SALES OFFICES: New York + Boston * Providence * Philadelphia 
Charlotte, N.C. * Chicago ¢* Portland, Ore. * San Francisco 


IN CANADA: Chemical Developments of Canada Limited, Montreal 





OUR 155th YEAR 


Vatural Dvewood Products 


Logwood 
Fustic + Hypernic « Osage Orange 


level bottom shades for all colored leathers 


rE + . a a be 
Fanning Extracts 


the modern manner. perfect solubility. lowest co 


Coal Tar Dvestulfs. Svnthetic Tans 


NEW YORK COLOR & CHEMICAL CO. DIVISION 


BELLEVILLE, NEW JERSEY 


AMERICAN DYEWOOD CO. 


374 MAIN STREET BELLEVILLE, N. J. 


Factories: 
BELLEVILLE, N. J. 


Our Branch Offices: 
ISSth BELLEVILLE, N. J. CHICAGO, ILL. 
CA? TORONTO, CANADA 
MONTREAL, CANADA 





For Uniform Quality 
in Your Leathers... 


NEUTRALIZE 


mim SOLVAY 


eV EeL 
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You improve the grain... you get better dyeing 
characteristics—you upgrade your leathers when 
you neutralize with SOLVAY AMMONIUM BICAR- 
BONATE. This quality product penetrates the leather 
uniformly throughout the thickness of the hide— 
the inner area as well as the surface. And remember, 
SOLVAY AMMONIUM BICARBONATE has a /igh neu- 
tralizing value (greater than borax or sodium bicar- 
bonate) with a Jow pH—a 1°% solution has a pH 
of only 7.8! For quality leathers, specify sOLvAy 
AM MONIUM BICARBONATE. For free samples for test- 
Other Solvay Products ing purposes, write on your business letterhead to 
for Tanners the nearest Solvay office. 


© CLEANSING SODA Xx SOLVAY PROCESS DIVISION 


r g ALLIED CHEMICAL & DYE CORPORATION 
©® SNOWFLAKE* [Az 61 Broadway, New York 6, N. Y. 
CRYSTALS | ame RANCH SALES OFFICES:— 
Boston « Charlotte e Chicage « Cincinnat i. 


KRE aT . Houston « New Orleans + New York « Philad 
St. Louis + Syracuse 





OX ey 


MANUFACTURERS 


IMPORTERS: 
LIQUID 


MYRABOLAMS 
“a WATTLE BARK 
DIVI-DIVI 


FACTORY: VALONIA 
Staten Island, N. Y. ETC. 


INTERNATIONAL PRODUCTS 
CORPORATION 


29 BROADWAY 6, NEW YORK 


Representatives: 


San Francisco - London, Canada - Boston 


Havana, Cuba - Mexico City, Mexico 


"SUPREMO" “LUNA” 
BRAND BRAND 
SOLID-ORDINARY COLD WATER SOLUBLE 


QUEBRACHO EXTRACTS 


FACTORY AT PUERTO PINASCO, PARAGUAY 





1, Is the supply of Mead Chestnut Ex- 
tract adequate? 


Decidedly yes. Recent surveys show that 
there is enough chestnut wood in our forests to 
serve the leather industry for many years to 
come. Huge chestnut stockpiles, such as the 
one shown above, are converted under chem- 
ical control at five extract plants, insuring a 
steady supply of Mead Chestnut Extract 


2. Why is Mead Chestnut Extract pre- 

ferred over other tanning agents? 
Mead Chestnut Extract is a superior tanning 
material, made by America’s largest producer 


of vegetable tanning extracts. Repeated experi- 
ence has shown 


A. Chestnut tanned leathers do not oxi- 
dize, darken on exposure to light, or develop 
an uneven color on aging, as do leathers tanned 
with many other materials, vegetable or 
synthetic 


B. Since the tanning system demands 
acid, the use of chestnut, with its plumping 
acidity, saves you money 


€. Mead Chestnut Extract eliminates up 
to 28% of leachhouse losses 


THE MEAD CORPORATION 


Tannin Extract Division, Lynchburg, Virginia 


This is only a portion of ther stockpiles of chestnut 


logs that insure a continuous supply of Chestnut Extract 


B. There are no hidden costs. When you 
use Mead Chestnut Extract, no time- and 
money-consuming preparation is required 


Ask about Mead Cold Soluble Chest: 
nut Extract for retanned leathers. And—for 
more pounds of plumper leather—standardize 
on Mead Chestnut Extract 


IT’S A FACT! 


Mead Chestnut Extract will produce more 
pounds of plump leather per unit of tannin 
than any other tanning material 


Vegetable Tan Yard Yield 
Tannin white weight basis 
Chestnut Wood Extract 67 
Tanning Material A 61 
Tanning Material B 63 


Calculate your tanning material costs on a 
leather basis as well as on a tan unit basis. 
Mead Chestnut Extract, producing four to 
six pounds more leather, means positive 
savings. 





QUEBRACHO 
EXTRACTS 


SOLID LIQUID POWDERED 
STANDARD SM ‘“‘“PUREX” 
BRANDS SMS SMS 


PLANTS: NEWARK, N. J. — PEABODY, MASS. 


ALSO 


Tanning Extracts and Raw 
Tanning Materials from 
all parts of the world. 


MYRABOLAMS MANGROVE BARK 
DIVI DIVI VALONEA 
TARA SUMAC 


WATTLE BARK 
SOLID WATTLE EXTRACT 
POWDERED MANGROVE and 
VALONEA EXTRACTS 


—IMPORTED BY— 
THE 


RIVER PLATE 
CORPORATION 


CHRYSLER BUILDING 
405 LEXINGTON AVE., NEW YORK (17), N. Y. 





THE SEARCH THAT NEVER ENDS 


Once in awhile the question is asked: ‘“What has been the effect on Rohm & Haas 
leather chemicals of the spread of the company’s interest into other fields?” The 
answer is simple: Chemicals which might not otherwise have been made are now 
available to the tanner. This has resulted in the development of products of highest 
quality whose range of usefulness to the tanner is steadily being extended. 


Important as our leather business is, it could not by itself support the fundamental 
research in various fields which has resulted in the development of new and 
improved leather chemicals for the tanner. 


A case in point is ZiRCOTAN, the zirconium tanning agent for producing through- 
white leather. Initially our interest in zirconium compounds centered around their 
use as opacifiers for porcelain enamel. Subsequent work on the chemistry of 
zirconium led to the development of ZiRCOTAN. 


Another example is our PriMat acrylic leather 
finishes. This company is the pioneer in 


acrylics. Knowledge of the toughness and aa 
permanent flexibility of aerylic wmeusenns lea 


polymers made possible the 


development of PrimaL emulsions. 


ROHM ¢ HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 


ZIRCOTAN and PRIMAL are trademarks, Reg 
U.S. Pat. Off. and in principal foreign countries 





Let our 


6 GY of specialized experience 


work for you. . . profitably 


® For over half a century, ATLAS has 
ATLAS been a leader in the production of 
Guaranteed OILS Quality Oils for the Tanning Industry, 
© NEATSFOOT OILS through extensive research to serve 
© SULPHONATED COD OILS you better. ATLAS specialized 


* eet OILS research, plus many years of practical 


© SPLIT OILS experience in the production of 

© MOELLONS, and many consistently high-quality, guaranteed 
queen Heeneee oils is your assurance of uniformity 

to meet definite specifications. Give 

your leathers the "quality look’ 


with ATLAS Oils. 


ATLAS Refinery, Inc. 


Pre-eminent in the Tannery Industry | 142 LOCKWOOD ST. NEWARK 5, N. J. 


A Name and Symbol 





To 


Prevent Starch and protein finish- 


ing materials provide a fer- 
S | tile substrate for the growth 
pot AVE of microorganisms. 
BSM-11 or Butrol are ef- 
fective economical pre- 
WT: V/AMY OA servatives providing out- 
SE’. e or standing control with a 
synergistic combination 
of bactericides and fun- 


Cich gicides. 


housekeeping practice 


Our representative will give 
technical advice on the most 
efficient solution of your 
microorganism control 


problems. 


/ BUCKMAN 
A i Laboratories, Inc. 


Manufacturing Chemists * Memphis 8, Tennessee 


Representatives in Most Countries 


(21 micROORGANISM CONTROL SPECIALISTS 





How 


HOOKER 
CHEMICALS 


help vou 
cul processing costs 


Hooker supplies you with: 


High-purity sodium sulfides that dis 
solve fast, for immediate use 


Caustic soda and other chemicals of 
consistent uniformity that help you 


standardize on processing methods 


Make Hooker your source of supply. 
Write for delivery information and 
prices. Hooker Electrochemical Com 
pany, 3 Union St., Niagara Falls, N.Y. 


For precision control of unhairing solu- 
tions—Send for Hooker Bulletin 500. 
It tells how Hooker Sodium Sulfhy 
drate lets you adjust the sulfide and 
alkali strength of unhairing solu 
tions exactly as you wish 


HOOKER 
Way 


Sodium Sulfide 
Sodium Sulfhydrate 
Sodium Tetrasulfide 
Caustic Soda 
Muriatic Acid 
Sodium Benzoate 


PARADI® (Hooker 
Paradichlorobenzene) 


For time-saving data on soaking 
—Write for Hooker 


505. It describes how tanners 


Bulletin 


are cutting soaking time in half 
by using Hooker Sodium Tetra- 
sulfide solution 


—— Chom the Celt yf the Eaeit 
HOOKER ELECTROCHEMICAL COMPANY 


NIAGARA FALLS TACOMA NEW YORK CHICAGO LOS ANGELES 





In its behavior and results, Calcocid 
Blue AX Double is a real sweetheart blue, 
especially recommended for producing 
light blue shades for women’s 

1954 footwear. 


Calcocid Blue AX Double can be 
selected with confidence for producing 
a level, well penetrated green shade 

of blue on smooth or suede leathers. 
It is well suited for use with synthetic 
tanning materials (Tanaks®), and 
because of its excellent solubility it is 
highly adaptable to finishing formulae. 


Consult your Calco representative 
for full information on this versatile 


Stylizing with Calco Dyes 
a Sweetheart Blue ... 


CALCOCID* 
BLUE AX DOUBLE 


Calco dye. 


*Trade-mark 


AMERICAN Ganamid COMPANY 


CALCO CHEMICAL DIVISION 
OYESTUFF DEPARTMENT 
BOUND BROOK, NEW JERSEY 


NEW YORK - CHICAGO « BOSTON - PHILADELPHIA - CHARLOTTE » PROVIDENCE 


NORTH AMERICAN CYANAMID LIMITED, 
CALCO CHEMICAL DIVISION 
MONTREAL AND TORONTO 





Over 814 acres of modern plant producing Tan- 
ning and Dyewood Extracts for the industry... 
Manufacturers of the famous CHEMBARK Natural 
Tanning Extracts for Chemtan Co. Experienced 
technical advice furnished upon request. 


eV ee 
DYEWOOD EXTRACTS 


LOGWOOD + HEMATINE * FUSTIC 
SUMAC + GAMBIER + HYPERNIC 
WATTLE + QUEBRACHO = MYRABOLAM 
eA Ad eA ee ee 


YOUNG EXTRACTS HAVE BEEN 
SERVING THE INDUSTRY FOR MORE 
THAN 84 YEARS 


/e PPAR Le ee ee 2 
, Philadelphia, Pa. * Chicago, III. 
a © @ Paterson,N.J.* Danvers, Mass. 





DEVELOPMENT AND 


INTRODUCTION OF 


BETTER CHEMICALS FoR TANNING 
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Polyethylene 
BEAKERS 


e Unbreakable... 


e Lightweight... 
¢ Chemically Resistant... 


BEAKERS, POLYETHYLENE, Griffin low 
form, with turned rim and pouring spout. 
Fabricated from blow-moulded bottles 
and, while not as heavy as moulded 
beakers, practically indestructible in ordi- 
nary use. 

Polyethylene beakers are most satis- 
factory when used at temperatures below 
55° C, and are not recommended for 
use above 70° C. At room temperatures, 
polyethylene is not attacked by concen- 
trated alkali, concentrated hydrofluoric, 


acetic and phosphoric acids, dilute ni- 
tric acid, sulfuric acid to 60%, concen- 
trated hydrogen peroxide, etc., but is 
not suitable for use with bromine, carbon 
bisulfide or concentrated nitric acid. 

The 70 and 100 ml sizes provide very 
suitable sample containers for glass elec- 
trode pH measurements. The 70 ml size 
fits accommodations for regular 50 ml 
glass beaker in Beckman Model N and 
in Leeds and Northrup pH Meters. 


2128-D. Beakers, Polyethylene, Griffin low form, as above described. 


Capacity, ml 
Height, mm 
Diameter, mm 


IE oe caw racadivine © une siateavu 


70 100 150 
55 61 77 
47 54 57 


1 1 5 


a 2 8 


.69 75 -80 


10% discount in lots of 12, one size only 
20% discount in lots of 144, one size or assorted 


ARTHUR H. THOMAS COMPANY 
La bovlory 2 Ypraralus and Teeagents 


WEST WASHINGTON SQUARE 


PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
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BUREAU OF EMPLOYMENT 


Chemist wanted, by Wright Air Development Center, Dayton, Ohio, 
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technical responsibility for all Air Force Research on leather. Apply WCPCU 
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LEATHER CHEMISTS ASSOCIATION 


PAUL L. BERNHARDT 


Death came very suddenly, on October 10, to Paul L. Bernhardt while 
working in the yard of his home at Peekskill, N. Y. He was a technical repre- 
sentative of the Leather Chemicals Department of Rohm & Haas Company, 
with contacts chiefly in the eastern part of the United States, in the heavy 
leather industry. Mr. Bernhardt had been with Rohm & Haas Company 
since 1945. Previously he had been associated with the American Hide and 
Leather Company, Ballston Spa, New York; C. S. Hyman Company, London, 
Ontario; and the Hobbs Glass Company, Ltd., of Canada. He is survived 
by his wife, two married daughters and one granddaughter. 


A Half Century of Progress in Collagen Chemistry * 
; = = 7 


By Joun H. HiGHBERGER 


Research Division 
United Shoe Machinery Corporation 


Beverly, Massachusetts 
INTRODUCTION 


It is not the purpose of the present paper to attempt a detailed assessment 
of the current status of the problem of collagen structure; time and space 
limitations would forbid this even if these objectives had not already been so 
admirably fulflled in the recent review by Bear®. Instead, it is intended 
here to summarize in broad outline the main developments which have led 
over the past half century to present day concepts of the structure of the 
collagen fibril, and to indicate the significance of these developments for the 
leather chemist and the tanner. 

Let us first consider what the state of knowledge in this field was in 1903, 
the year of the founding of the American Leather Chemists’ Association. 
Collagen had been recognized for years by the histologists as the protein 
which made up the bundles of fibers constituting the bulk of the solid matter 
of the skin corium, and which was converted to gelatin or glue on boiling 
with water. Hofmeister ?4 had published an elementary analysis of collagen 
in 1878, and had advanced the view that collagen is an anhydride of gelatin, 
the interconversion of the two forms being reversible. In 1903 the idea that 
the proteins are built up entirely, or almost entirely, of amino acids was just 
beginning to gain acceptance, although it had been stated first (for casein) 
by Hlasiwetz and Habermann in 1873. The peptide theory of the mode of 
linkage by which the amino acids are joined together to form polypeptide 
and protein molecules had just been given expression by Emil Fischer and 


*Presented at the Golden Jubilee Meetin of The American Leather Chemists’ Association, Cincinaati, 
June 9, 1953 
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by Hofmeister; the intensive work of the former and his numerous students 
for the following decade would be required, however, to establish the theory 
on a sound and generally accepted basis. 

[t is perhaps worth noting that in 1903 fourteen of the eighteen amino 
acids now accepted as constituents of collagen had been isolated from the 
hydrolysates of various proteins, although the structures of some were not 
worked out until much later. The amino acids known at this time included 
all of the dicarboxylic and diamino acids now known to be important in in- 
fluencing the physico-chemical behaviour of collagen, with the single excep- 
tion of hydroxylysine. Hydroxyproline, the amino acid now considered to 
distinguish collagen from nearly all other proteins, had been isolated from 
a gelatin hydrolysate by Fischer in 1902. Glycine, the first amino acid to be 
found among the hydrolytic products of a protein, had also been initially 
isolated from gelatin years before. Gelatin, derived from collagen, thus oc- 
cupied a prominent place in the attention of the pioneer investigators of the 
constitution of the proteins, owing, no doubt, to its ready availability as an 
experimental material. 


THe ANALYTICAL PHASE 


In the early years of the present century, therefore, protein chemistry 
was entering into its analytical phase, in which the objective was the es- 
tablishment of the compositions of the various proteins in termsof the amounts 
of the individual amino acids contained in them. This work, with its con- 
comitant attempts to find new methods for the fractionation of amino acid 
mixtures into various groups, and to devise new and better methods for the 
isolation and determination of the individual amino acids, was the chief 
concern of protein chemists for over two decades, and still continues to be a 
major area of interest within the general field. It has been greatly stimulated 
in recent years by the remarkable developments in chromatographic tech- 
niques which have made possible results undreamed of a few years ago. 

In Table | are shown three amino acid analyses of gelatin and collagen 
taken from the literature over a span of thirty-six years. In 1912 Plimmer 
published in his book, ‘““The Chemical Constitution of the Proteins” *‘, the 
best data then available on the amino acid composition of gelatin. Most of 
these values had been obtained by application of the ester distillation method 
that Fischer had devised in 1901 '4, and it is seen that less than half the 
weight of the gelatin was accounted for. The second set of values shown is 
that obtained by Dakin in 1920!! by his butanol extraction method. The 
situation was here much improved, and the fraction of gelatin that could be 


accounted for in known hydrolytic products was more than doubled. The 


lapse of a further quarter of a century was necessary, however, to bring 
about the additional refinements in analytical techniques that enabled 
Bowes and Kenten * to announce in 1948 the set of values generally accepted 
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today, which accounts for over 99 per cent of the nitrogen of collagen. (The 
fact that the sum total of amino acids is greater than 100 is caused by the 
addition of water to the amino acid residues during hydrolysis. Using an 
average amino acid residue weight of 92.6, the theoretical total of amino 
acid percentages would be 119.4). 


TABLE I 


\mino Acid Analyses of Gelatin and Collagen 
Grams per 100 g. Protein 
Dakin 


1920 
Gelatin 


90.9 119.0 


We have thus arrived at the point where we know almost completely the 
composition of collagen in terms of the amounts of the various amino acids 
which make it up. It 1s very unlikely that any new amino acid will be dis- 
covered to be involved in collagen structure. We are, therefore, now faced 
with the problem of discovering the pattern in which these amino acids are 
arranged along the polypeptide chains of collagen—and this is a very dif- 
ferent matter. It is one, however, which may be confidently expected to 
vield eventually to the type of method devised by Sanger, and by means of 
which he and his coworkers have been able within the past year to work out 
the complete sequence of amino acid residues in the polypeptide chains of 
insulin®*. [tis true that insulin is a far simpler protein than collagen, but 
the frst results of the application of these new methods to gelatin and col- 


lagen are already beginning to appear??, ‘3, and a number of simple pep- 


tides has thus been demonstrated to occur in partial hydrolysates of these 


proteins. It is not too much to expect that these data will increase in not too 
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long a time to the point where the major features of the amino acid residue 
sequence of the collagen chains will begin to emerge. 


THE APPLICATION OF PuysICAL CHEMISTRY 


With the establishment of the peptide theory on a firm basis, and the 
gradual accumulation of more reliable data on the amino acid composition 
of the proteins, attempts began to be made to apply the principles of physical 
chemistry to explain the behaviour of proteins under various conditions, 
such as their binding of acids and bases, and the swelling of insoluble proteins 
such as collagen. These phenomena were of prime interest to the tanner, 
whose very livelihood depended upon his skill in controlling them. It was 
only natural, therefore, that the “Father of Leather Chemistry”, Henry R. 
Procter, should turn his attention to these matters. Leather chemists may 
take pride in the fact that his name, as well as that of another noted leather 
chemist, J. A. Wilson, who later became a President of this Association, 
is indissolubly connected with the successful pioneering application of 
physical chemical theory to the quantitative study of the stoichiometry and 
swelling of proteins. The Procter-Wilson-Loeb theory still stands as an en- 
during monument to the vision of these men. 


Developments such as these were instrumental in taking protein chemists 
away from the vague and poorly defined ideas of colloidal behaviour that 


had previously prevailed, and bringing them to the point where the physico- 


chemical properties of a protein such as collagen could be understood in 
terms of simple and well-established chemical concepts. It began to be 
understood that proteins reacted with acids and bases in essentially the same 
manner that simpler compounds did, and that the apparent differences in 
behaviour from simple compounds were caused by the multiplicity of both 
acidic and basic groups on the protein molecule, and to its comparatively 
great size. 


As a natural development of these ideas, protein chemists began about the 
early 1920’s to be seriously concerned with the sizes and shapes of protein 
molecules, in the sense that attempts began to be made to devise methods of 
measuring these quantities and of evaluating their influence upon the pro- 
perties of the substances. Of the variety of techniques that were elaborated 
over the succeeding years up to the present, most, including such methods as 
ultracentrifugation, electrophoresis, viscosity, diffusion, osmotic pressure, 
streaming birefringence, and dielectric measurements are chiefly limited to 
proteins in solution and hence have not been applicable directly to collagen 
and other insoluble proteins. Two tools of the biophysicist, however, have 
vielded a great deal of valuable information about the structure of the 
collagen fibril. These are the methods of X-ray diffraction and electron 
microscopy. 
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X-Ray anp Evecrron Microscore STupDIeEs 

The first X-ray diffraction patterns of collagen were apparently made by 
Herzog and his coworkers sometime between 1921 and 1925. In the latter 
vear Herzog and Gonell?® made a study of such patterns and interpreted 
them as indicating that collagen was a much simpler substance than had 
previously been supposed. They calculated a molecular weight of approxi- 
mately 700 from their results, and some significance was attached to this 
value because of its closeness to the combining weight of collagen for acids 46, 
During the next seven years, however, the fundamentals of the interpreta- 
tion of X-ray fiber diagrams were established, and it became clear that the 
hber periods measured by the wide-angle methods then in use were only 
sub-units or fractions of the main period. Largely owing to the pioneering 
work of Meyer and Mark 2?* and of Astbury ', the general concept of protein 
hbers as “molecular yarns” in which long polypeptide chains were arranged 
in pseudo-crystalline array with their long axes parallel to the long axis of 
the fiber, was well established during this period. It was not until the appli- 
cation of the more refined techniques necessary to obtain well resolved low- 
angle diffraction patterns that Bear‘ in 1942, and, independently, Kratky 
and Sekora?® in 1943, were able to demonstrate the large period of 640 A 
along the fber avis. 

This finding was almost immediately confirmed by the direct visualization 
of this period in the electron microscope, by Hall, Jakus and Schmitt !* in 
1942 and by Wolpers!? in 1943. The electron microscope showed further, 
however, that the actual length of the period varies considerably from fibril 
to fibril, but that a sharp peak is obtained at 640 A on plotting a distribution 
curve of values over a large number of fibrils ‘2. In addition, the filamentous 
structure of individual fibrils could be observed, and the flaments could be 


seen to undergo longitudinal cleavage to finer laments, down to the limits 


of resolution of the electron microscope—that is, down to dimensions ap- 


proaching the molecular domain. As a result of their electron microscope 
studies, Schmitt, Hall and Jakus ‘2 suggested the term protohbril to connote 
the thinnest unit Hlament, the lateral association of which forms the collagen 
hbril. The general features of the fiber structure of collagen deduced from 
X-ray diffraction phenomena were thus fully confirmed by direct examina- 
tion of fibrils in the electron microscope, which further revealed the sur- 
prising fact that individual fibrils, in contrast to gross pieces of tendon or 
skin Hber bundles, were capable of being stretched to very large degrees 4 2. 
Phe mechanism of this extensibility is not vet fully understood; the fact that 
it occurs so readily, however, suggests that the observed variability of the 
large period is caused at least in part by the manipulation associated with 
the preparation of specimens for examination. 


MopELS OF COLLAGEN STRUCTURE 


In the meantime various workers had proposed detailed models for the 


conhgurations of the polypeptide chains in collagen. Astbury had previously 
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laid the basis for the classification of fibrous proteins into what are now 
known as the k-m-e-f and the collagen groups, and in 1940 he proposed a 
structure which attempted to explain the observed X-ray diffraction data 
and the supposed inextensibility of the fibrils by a chain configuration based 
on a sequence of amino acid residues in which glycine and one other residue 
occur between every two proline or hydroxyproline residues ?. This inter- 
preted the existing analytical data as indicating that every third residue in 
the chain was glycine, while proline or hydroxyproline also made up every 
third with the exception of one in every eighteen. 


Huggins2° objected to this structure on the grounds that it violated the 
established principle of close packing and represented an unstable conhgura- 
tion. He suggested instead a spiral configuration which could be packed 
together into a layer held together by CHO and NHO hydrogen bonds, and 
with side chains extending alternately above and below. Such layers could 
be stacked together with an interplane distance corresponding to the side- 
chain X-ray spacing, to form the total structure. 


Pauling and Corey ** have recently explored helically coiled models of 
polypeptide chains, based upon bond angles and bond lengths found in crystal 
structure analyses of amino acids and simple peptides. They have suggested * 4 
for collagen a structure consisting of an intertwined three-chain helix, the 
chains containing a cis-cis-trans sequence of amino acid residues with every 
third residue proline or hydroxyproline and every third residue glycine, as 
in the Astbury scheme. The three chain unit is based upon a simple calcu- 
2. S6A. 


lation of the mass per mole of hexagonal units of fiber axis length 
This is shown to be 291 grams, and since the average residue weight of the 
amino acids in collagen is slightly less than 100 the conclusion is drawn 
that the unit contains three residues, and hence three polypeptide chains. 
The cylindrical three-chain helical units are assumed to be packed in hexagonal 
array to make up the fibril. 


The Pauling-Corey model is based upon the ideas, originally due to Ast- 


bury 2, that the 2.86 A spacing observed in wide angle X-ray patterns repre- 


sents the projection of one residue length on the fiber axis, that proline and 
hydroxyproline together represent one-third of the total residues, and that 
the collagen structure is essentially inextensible. As already mentioned, 
electron microscope studies have shown that individual collagen fibrils are 
actually extensible over a wide range, and if this extension is produced in 
considerable part by the concerted extension of the structural elements, as 
Bear® believes to be indicated by the persistence of band patterns at rather 
large extensions, rather than by slippage of protofibrils, the Pauling-Corey 
model would have to be rejected.* Randall et a/** have also criticized the 
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model on the grounds of the improbability of mixed cis and trans configura- 
tions of the amide groups, as well as the fact that it does not account for the 
observed infra-red dichroism, which is much greater than that predicted from 
the model. Schroeder, Honnen and Green ‘* have recently pointed out that 
because proline and hydroxyproline actually make up only one-fourth instead 


of one-third of the collagen residues, only three-fourths of the protein at the 


maximum could have the sequence based on the latter figure. 

Randall et a/*7 have themselves suggested a configuration in which all 
trans amide groups are tilted in such a way as to make the projection of one 
residue length on the molecular axis equal to 2.86 A. Such chains could then 
be hydrogen bonded into sheets in a manner somewhat similar to the Huggins 
structure and to Pauling and Corey’s “‘pleated sheet’? configuration for 
-proteins. 

All the models hitherto described have assumed that the 2.86 A spacing 
found by X-ray diffraction represents the length of one amino acid residue 
projected on the fber axis. Bear®, however, has proposed a model in which 
this distance is the projected length of three residues, each of 0.95 A. In this 
way the density of 1.35 is accounted for by a single coiled chain instead of by 
the three chains of the Pauling-Corey model. Bear pointed out that the 
axial pseudoperiod is relatively large (20 A), as originally suggested by Herzog 
and Jancke?!. The 0.95 A axial projection per amino acid residue then per- 
mits 21 such residues per 20 A pseudoperiod. Various helical models may 
then be constructed by varying n, the number of turns per pseudoperiod, 
which produces a resulting variation in d, the diameter of the coil. Figure 1, 
taken from Bear’s paper, serves to illustrate any such helical model, although 
the one actually shown contains + turns per pseudoperiod, the structure 
Bear then considered most probable.* The solid black circles represent the 
z-carbon atoms, to which H-atoms or side-chains are attached. In the lower 
right one coil is shown unrolled, with one residue indicated in detail, and in 
the upper right is shown the cross-sectional plan of the hexagonal arrange- 
ment in which the cylindrical protofibrils are assurred to be packed together 
in the fibril. 

From almost the earliest days of the investigation of collagen fibers by 
optical and X-ray methods, it has been realized that portions of the overall 
structure possessed a higher degree of order than other portions. The existence 
of these “crystalline” and “amorphous” regions has received various inter- 
pretations. On the one hand, the older micellar theory envisaged an array 
of crystallites or micelles embedded in an amorphous matrix, while the 
“fringe” theory of Hermann, Gerngross and Abitz!%, a closer approximation 
to modern concepts, postulated a structure consisting of long, randomly 
entangled chains brought into an ordered crystalline array at certain points. 


ir (10) have indicated that eneric helix, in which 7 equivalent groups of 


s per 20 A pse yperiod ints more satistactorily for the collagen 
nection bets nt ied as yet 


*More recently en and Be 
3 residues eaci nged in 2 


wide angle 
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FIGURE 1 Helical models for the collagen polypeptide chain. From R.S 
vances in Protein Chemistry, Vol. VII, 1952 


With improvement in the techt.iques of electron microscopy, following the 
demonstration of the 640 A banded structure in collagen fibrils, it became 


evident that a system of intraperiod banding existed. As many as six (and in 


FIGURE 2.—Collagen fibril from chrome tanned calfskin, showing 6 intra-period bands 


X 140,000. 
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a few cases, seven) such intraperiod bands have been demonstrated !5, 4° 
(see Figure 2), as regions of high electron density which preferentially take 
up “electron stains” such as phosphotungstic acid, and tanning agents such 
as chrome salts and vegetable tannins. The penetration of such agents into 


the collagen fibril affects the wide angle X-ray pattern very little, except in 


cases where excessively large amounts of tanning agent are involved, but 
produces a marked effect on the low angle X-ray pattern. Based in part upon 
a study of such effects *®, 7, Bear has interpreted the bands as regions of dis- 
tortion, or imperfection caused by the presence of the bulky side-chains of 
the acidic and basic amino acids, and the interbands as regions of perfection 
or higher order, containing average sized side-chains. This is shown dia- 
grammatically in Figure 3a, which represents the dry fibril. Figure 3b shows 
the effect of hydration at neutrality, where, because of the greater space 
available to the long charged side-chains of the band regions, with consequent 
straightening of the main chains, a slight lengthening of the fibril results. 
Figure 3c shows the effect of acid swelling. Here, because of the penetration 
of hydrogen ions and acid anions into the band regions, osmotic swelling is 
produced at these points, resulting in distortion of the interband regions and 
contraction of the fibril length. 





Cc 


FIGURE 3.— Diagrammatic representation of the band and interband regions of a collagen 
fibril. a, dry; b, swollen at neutrality; c, acid swollen. From R. S. Bear, 
Advances in Protein Chemistry, Vol. VII, 1952. 
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THe RECONSTITUTION OF COLLAGEN FIBRILS 

Up to this point, emphasis has been placed upon the protofibril, which has 
been shown to be a unit filament, possibly a single polypeptide chain, con- 
taining certain structural features repeated over and over again in its length, 
these features being reflected in the 640 A periodicity observable in the 
electron microscope and in low angle X-ray diffraction patterns. It is of con- 
siderable interest and importance to know whether any smaller unit, pos- 
sibly the collagen molecule, the end-to-end aggregation of which would form 
the protofibril, is capable of existence. Evidence bearing upon this point 


has been accumulating in recent years as a result of studies of the behaviour 
of certain types of collagen which are “soluble” in dilute acid. The early 


work of Nageotte 2% and of Fauré - Fremiet ! 2 showed that extraction of some 
forms of connective tissue, such as the tail tendon of the rat and the swim 
bladder tunic of the carp, with dilute acid (such as 0.008 N acetic acid) 
vielded extracts from which collagenous material could be reprecipitated by 
salting out or by neutralization even after filtration through fine filters. The 
nature of this material was recognized by the early workers by characteriza- 
tion in the light microscope. Later investigators, utilizing the electron micro- 
scope, found the precipitated material to possess the striated appearance 
and characteristic period 4? of the native collagen fibril. It was also found 
that such precipitated fibrils gave typical collagen X-ray diffraction patterns ¢*. 
The process of the formation of collagen fibrils from dilute acid dispersions 
in which no fibrils can be demonstrated has come to be known as “recon- 
stitution”. 

Still more recent work 3, | 4, 23,44 demonstrated that various types of struc- 
ture as observed in the electron microscope, could be obtained by varying 
the ionic strength at precipitation. Thus the addition to an ichthyocol 
solution (dilute acetic acid extract of carp swim bladder tunic) of NaCl to 
make a concentration of 1-2°7 results in the precipitation of fibrils showing 
the 640 A period and intraperiod fine structure characteristic of native 
collagen. On the other hand, precipitation at about 2-3°7 NaCl gives fibrils 
exhibiting a small period of about 220 A, while higher NaCl concentrations 
(about 57) yield unstructured filaments. Similar effects are given by other 
salts at appropriate ionic strengths. 

In 1948 Orekhovich et a/*! described a method by which they obtained 
a soluble collagen from the skins of various animals. The method consisted 
in the extraction of the tissue in the cold with organic acid buffers (usually 
citrate) of pH 3.5 to + and ionic strength about 0.2. The collagen was pre- 
cipitated from such extracts in what was termed a “crystalline” form by 
dialysis against tap water or dilute Na-HPO, solution. An extensive series 
of investigations of this material has been carried out by the Russian workers 
(for a summary see Reference 30), as a result of which they have concluded 
that it represents a biological precursor of collagen in the tissue, and have 
given it the name “‘procollagen”’. 
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Bresler, Finogenov, and Frenkel® made sedimentation and diffusion 
measurements on this material, from which they calculated a molecular 
weight of 70,000 +3500. They considered the molecule to be a cylinder of 
diameter 16.7 A and length 380 A, and concluded that the polypeptide 
chains must be coiled in the molecule, since a chain containing 600 (70,000 
divided by 117, their value for the average residue weight) amino acid resi- 
dues would be about 2400 A long if fully extended. These calculations of 
Bresler et al must be regarded only as very rough approximations which 
may be considerably in error, since, among other things, they neglect the 
effect of hydration of the molecule, and make use of diffusion and sedimenta- 
tion constants not extrapolated in the customary way to zero concentration. 
On the other hand, it is difficult to arrive at a molecular weight much greater 
than 100,000 or a molecular length much longer than 1000 A, on the basis 
of any reasonable treatment of the existing data, and there would appear 
to be some justification for the view that the polypeptide chain of a collagen 
molecule would have a length in the range 2000-3000 A if fully extended. 

In 1950 Highberger, Gross and Schmitt 22 examined in the electron micro- 
scope material prepared from skin by the Orekhovich method, and found it 
to contain a new type of fibrous material, in addition to typical collagen 
hbrils of 640 A period. The new fibrous form had a period ranging from 
2000-3000 A, and was accordingly called the “long-spacing” or LS form. (In 
view of subsequent developments, to be described below, this has now been 
changed to the more specific term “hbrous long-spacing’’, or FLS). The 
new form was also obtained from other types of connective tissue, including 
rat tail tendon and fish swim bladder tunic, on dialysis of citrate extracts of 
the tissues against water. 


It was later found?® that FLS could be obtained at will from ordinary 


dilute acetic acid ichthyocol filtrates, or from other soluble collagen prepara- 


g and collagen fibrils formed from ichthvocol on addition 
tein and dialysis against water. X 32,000. 
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tions otherwise incapable of yielding the new form, by the addition of small 


amounts of plasma 2-1 acid glycoprotein *%, 45 prior to dialysis against water. 
Figure + shows a mixture of FLS and collagen fibrils produced in this way. 
The exact composition of the precipitate formed was found to be quite 


sensitive to changes in the concentration of glycoprotein. Thus, at 0.02; 
or higher glycoprotein concentrations the precipitate consists almost en- 
tirely of FLS. At about 0.001°7 it consists chiefly of collagen fibrils, while at 
intermediate concentrations mixtures of both types are formed. In the ab- 
sence of glycoprotein, or at concentrations below 0.001°;, ordinary acetic 
acid ichthyocol filtrates give only a loose gel, containing very fine unstruc- 
tured flaments, on dialysis against water. 

FLS formed either by dialysis of citrate extracts of tissue or by addition 
of glycoprotein to ichthyocol possess a characteristic intraperiod fine struc- 
ture, consisting of at least 14 bands. This banding differs from that of collagen 
hbrils not only in the relative postions of the bands, but also, surprisingly, 
in the fact that the pattern is symmetrical and not polarized as is the case in 
collagen fibrils?%. The possible significance of this will be discussed below. 

Further study showed that the glycoprotein was not unique in possessing 
the ability to cause the formation of FLS. Several other substances were 
found to produce the same result '!*, although none so efficiently as the gly- 
coprotein, and the conclusion was accordingly drawn that the components 
necessary for the formation of cross-striated fibrils are contained in the col- 
lagen extracted from the connective tissue, and that the precipitating sub- 
stances are relatively non-specific ! ©. 

Very recently, Schmitt, Gross, and Highberger‘! turned their attention 
to the nature of the material extracted from connective tissue by mildly 
alkaline phosphate buffers (pH 8, 0.15 M). It had previously been shown 23 
that such extracts contained everything required for the formation of cross- 
striated fibrils, although they yielded only amorphous precipitates on dialysis 
against water, since on extraction of these precipitates with acid citrate 
buffer and dialysis of the resulting solution against water typical FLS and 
collagen fibrils were obtained. It was now found that if such phosphate 
extracts of connective tissue were dialyzed against acid citrate buffers pre- 
cipitates were formed which contained large proportions of an entirely new 
form, observed in the electron microscope as broad, flat segments exhibiting 
characteristic fine structure and length ‘!. An example of such a preparation 
is shown in Figure 5a. The length of these segments was found to be of the 
order of 2000 A, and as many as 18 bands were observed in individual seg- 
ments. The banding pattern is polarized, being characterized by a sharply 
defined low density region always occurring slightly, but definitely, off 
center. In view of the correspondence of the length of the segments with the 
period of FLS, this new form was called ‘“‘segment long-spacing’’, or SLS. 

In further investigation of this material it was observed that extracts from 
which SLS could be produced always showed considerable absorption in the 





716 LEATHER CHEMISTS ASSOCIATION 


ultraviolet at about 2600 A, which suggested the possibility that nucleic 
acid or a nucleotide might be involved. It was, in fact, found possible to 
precipitate typical SLS in pure form directly from ichthyocol filtrates by 
the addition of adenosine triphosphoric acid (ATP) *'. Figure 5b shows an 
ATP precipitated SLS preparation. Thus far nucleic acid or other nucleo- 
tides have failed to reproduce this phenomenon, but there is some reason to 
believe that ATP is not entirely specihe in this behaviour. - It is not known, 
for example, what agent induces the formation of SLS from phosphate 


extracts of tissue. 


Segment long-spacing \, from phosphate extract of tissue. XN 18,000. 
B, precipitated from ichthyocol with ATP. X 24,000. 


Purifed preparations of ATP precipitated SLS were found to contain the 


amino acids characteristics of collagen, and dried films made from = such 





~ 
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preparations gave wide angle X-ray patterns typical of collagen‘!. In ad- 
dition, a complete cycle of interconversion of the various forms, collagen 
fibrils, FLS, and SLS, one into another, was carried through #!. 

The fact that the period of FLS corresponds approximately with the 
length estimated for a completely extended collagen molecule by Bresler 
et al® prompted Bear® to suggest that FLS represent a form of collagen in 
which the polypeptide chains have unrolled. Little evidence bearing on this 
interpretation is available at present, although the fact that dried films of 
FLS give typical collagen wide angle X-ray patterns is not in accord with it, 
since unrolled chains would be expected to give a 2-type pattern. Whether 
unrolled forms of collagen exist or not remains to be seen, but there can be 
no doubt that the discovery of the FLS and SLS forms and the demonstra- 
tion of the interconvertibility of these forms and of typical collagen fibrils 
very strongly suggests the presence, in acid “solutions” of collagen, of a thin 
hbrous particle, possibly about 2000 A in length, the aggregation of which 
in different ways produces the various fibrous forms observed. On this basis 
the signifcance of the polarization or symmetry of the intraperiod banding 
patterns becomes apparent. Presumably in FLS, with a symmetrical pattern, 
the particles are arrayed in an antiparallel manner, while in SLS and in col- 
lagen the array is parallel ‘'!. At the present time it is not clear whether the 
postulated 2000 A particle is in fact the collagen molecule, or whether the 
latter is actually some still smaller unit, possibly 640 A in length. Further- 
more, the details of the various aggregation processes are lacking. Further 
work on the phenomena accompanying reconstitution under various con- 


ditions, however, may be expected to throw additional light on these points. 


SIGNIFICANCE FOR LEATHER CHEMISTRY 


It would be entirely inappropriate to close this summary of the paths by 
which present-day views of the structure of the collagen fibril have been at- 
tained without giving at least a brief indication of the significance of these 
developments for leather chemistry in general. Space limitations preclude any 
discussion of tanning mechanisms and of the close relationship of these to 
collagen structure, and those interested are referred to Gustavson’s recent 
excellent review !7 of the subject. It will be apparent, however, that the fore- 
shadowed future developments in knowledge of collagen structure have ex- 
tremely important implications for corresponding developments in knowledge 
of tanning mechanisms. 

A theory of tanning mechanism prevailing in the years just prior to the 
founding of this Association held that the function of the tanning agent was 
to coat the collagen fbers with an inert, protective coating. The earliest form 
of the “‘chemical” theory of tanning considered the reaction to be merely the 
formation of an insoluble salt, or collagen tannate. It is a far cry, indeed, 
from these early concepts to modern ideas of the stabilization of the fibrous 
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structure by various types of crosslinking reactions. From such crude be- 
ginnings we have progressed to the point where, as discussed above, the pene- 
tration of tanning agents can be located in certain limited regions (the band 
regions) of the fibrous structure, and where certain chemical groupings can 
be assigned definite roles in the various tanning reactions. 


It may be noted that the concept of cross-linking necessarily had to await 
the development of the concept of the fibrous structure as a parallel array 
of polypeptide chains. In the same manner the further development of 
detailed tanning mechanism theory awaits to a large degree further develop- 


ments in the detailed knowledge of collagen structure. The greatest progress 
in understanding tanning mechanisms—and therefore the greatest progress 
in improving tanning reactions and leather properties—may be expected 
only when some of the finer details of collagen structure are worked out. 
Great strides forward have been made in this field in the past fifty years, 
and even greater ones may be looked for with confidence in the future. 
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Review of Fifty Years Development in Leather Oils* 
By Dominic Meo, Jr. and Lawrence B. Fotsom 
In presenting a short summary of the application of fats to leather during 
the last 50 years, it is best to present the data in various phases for the sake of 
simplification. In order of sequence they might be classified as follows: 


Currying 
Emulsions 


b. 
? 
2 
> 


Sulfation products—Anionics 
Condensation products—Non-ionics & Cationics 
\pplied observations 


Prior to the emergence of mineral tannages, currving was acommon term 
denoting oiling or stufhng of leather. Many shops specialized completely 
in this phase of leather manufacture and relied on past experience in the 
choice of fats applied. It is interesting to note that in some types of vegetable 
and retanned leathers this method now called hand or wheel stufhng still 
persists since it is the claim of some that it imparts a solidity to some specialty 
leathers that cannot be duplicated by the application of a water emulsion. 
Other features, of course, such as tensile strength are also noted, but the 
interesting point is that in some sectors of the industry, it continues to resist 
the encroachment of more modern methods. Basically the products employed 
consist of cod oil, animal fats, mineral oils and waxes. 


\ few refinements have naturally been observed through the vears; viz., 
the role played by moisture, the employment of machinery which ensures a 
more uniform leather, and newer drying methods. 


EMULSIONS 


\ better understanding of emulsions requires some knowledge of the ad- 
vances made in the theory of emulsions. Publications by McBain, Clayton, 
\lexander and others present many varying theories, but the one given 
greatest credence is the following: 

The types of emulsions with which we are primarily concerned are those 


where one immicible liquid is dispersed in another; that is, oil in water or 
water in oil. 


From the physical standpoint it is generally understood that within the 
mass of a substance, a liquid for example, each molecule of the material is 
attracted equally in all directions by the adjacent molecules. Where there is 
a boundary, liquid-gas or liquid-liquid, the outer laver of the molecules of a 
given substance is attracted more strongly by the body of the liquid and this 


results in a horizontal component of the forces which creates what appears 


*Presented at t Golder ibil Meet tt 7 \ n Cir nati, O t 9, 1953 
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to be a sort of surface flm or skin. In the case of the liquid-gas boundary 
this is known as surface tension and in the case of the liquid-liquid boundary 
as interfacial tension. 

The effect of surface or interfacial tension in the case of a suspended particle 
of liquid will cause it to expose the minimum surface to its surroundings, and if 
adjacent particles thus suspended approach and touch, to coalesce forming a 
larger particle, thus further reducing the ratio of surface exposed to the mass 
of the material. A continuation of this action will result in the complete 
separation of the dispersion into two separate and distinct layers. 

In order to promote the formation of emulsions and to prevent their sub- 
sequent separation, it has been found necessary to employ a third component 
in the mixture. This is a substance which will decrease the forces of the 
interfacial tension and prevent the coalescing of the particles. 

Clayton! remarks that for pure oil and pure water, 2 per cent of oil is the 
maximum amount that has so far been emulsified in water; that theoretically 
the maximum concentration, assuming no distortion of the dispersed globules 
occurs when 74°; of oil is dispersed in 26°; of water. Such concentrated emul- 
sions however require the presence of a third substance, capable of forming 
an absorbed film at the interface. 

Clayton ! further observes that when two pure liquids are in contact, their 
like parts orientate towards each other, and that when an organic liquid 
and water make an interface, the organic radical turns toward the organic 
liquid and the active or polar group toward the water. 

From the above, we now recognize that in the formation of emulsions, a 
third component is necessary; one that will orientate itself at the interface 
and prevent coalescence and thus exhibit surface active properties. 


The next step in our discussion is to examine in a general manner the 


chemical structure necessary in a substance in order that it may possess 


surface active properties. 

Surface active agents or emulsifiers consist for the most part of an organic 
radical combined with a polar group. The organic radical or chain is known 
as the lipophilic, or oil loving part of the molecule, and the polar group as 
the hydrophilic, or water loving part. This results in what has come to be 
known as the hydrophile-lipophile balance as a factor in evaluating the 
properties of a surface active agent. Here the size and structure of the 
lipophilic part of the material controls the solubility or compatibility with 
the oil phase and the hydrophilic portion its water attracting power or 
solubility. By varving these respective portions of the molecule, various 
dispersing and emulsifying properties can be conferred on the material under 
consideration. 

\ simple illustration of hydrophile-lipophile balance may be noted by con- 
sideration of the straight chain aliphatic fatty acids, two members of which 
are acetic acid CH,COOH and Stearic Acid C,;H;,;COOH. In acetic acid, 





LEATHER CHEMISTS ASSOCIATION 


the lipophilic group consists of a single carbon atom and the major part of 
the molecule is the polar-COOH group. This structure indicates good water 
solubility but little surface activity due to the shortness of the lipophile 
group. On the other hand, stearic acid possesses a long carbon chain, com- 
patible with oils and fats, and the polar group is a small part of the structure. 
Of itself stearic acid shows but little water dispersibility but by increasing 
the activity of the polar group by the addition of Sodium ion or other alkali 
its surface active properties may be developed. 

The same is generally true of sulfated products where those having a short 
carbon chain show little surface activity, while those with long carbon chain 
show much surface activity, the same depending on the length and complexity 
of the chain. 

Probably the best illustration of this sort occurs in the condensation 
products of fatty acids with ethylene or polythylene glycols. Oleic acid and 


ethylene glycol may be condensed to form a structure as follows: 
0 
i 
CatHlys— C—O—CH,—CH;- OH 


Here we have a long lipophilic chain of 17 carbon atoms and a compara- 
tively short hydrophile group, which depends for its water attracting pro- 
perties on an ether oxygen and an hydroxyl group. This material will have 
some degree of hydrophile character but not enough for good dispersion. 
If we continue our experiment by further increasing the proportion of ethylene 
oxide groups in the hydrophile chain and come up with the following product: 

O 
i 
CiyHys—C— O—[CH,—CH,—O]_H 


we will observe an increasing degree of water dispersibility due to the increase 
in the hydrophilic portion of the chain at the expense of the lipophilic portion. 
This increase in the hydrophilic force being due to a greater number of ether 
oxygen linkages in the structure. 

It is therefore possible in some of the newer synthetic surface active agents 
to control quite closely the properties of the material in order that it may be 
htted for specie uses. 


SULPHATED OtLs (sulphonated) Origin and early use 


Let us now consider the Anionic surface active agents beginning with the 
Sulphated oils, which are of primary interest in the leather industry. 

\ccording to Lewkowitsch? and Stiasny and Riess*, the preparation of 
sulphated oils began in the latter part of the 19th century and was first 
concerned with the sulphation of olive oil followed later by the sulphation 
of castor oil for economic reasons. The oils after sulphation were used prin- 
cipally as an adjunct in the development of the so called Turkey Red dyes 
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on textiles and later found other applications in industry because of their 
excellent emulsifying properties. 

It was therefore logical that when the need was felt for a means of applying 
fatty matter for the lubrication of chrome tanned leather, which application 
was found necessary to be done in the wet condition, that the early tanners 
employing the chrome process should turn to the Turkey Red oils as a means 
of solving their problems. 

As the textile industry of that time was the principal outlet for sulphated 
oils, it was natural that the chemical investigations of the time were confined 
almost wholly to those resulting from the use of castor oil as a starting 
material. Some work was also done on the sulphation of oleic acid as a sub- 
stitute for castor oil. 

The early chemists concerned in these investigations, according to Stiasny 
and Riess *, recognized the reaction as one essentially of saponification and 
their methods of analysis consisted in the determination of water, total fat 
content, and organically combined SOQ;,. 

Soon after the establishment of castor oil and olive oil as base materials 
for sulphation, other oils were similarly treated and because they likewise 
exhibited good emulsifying properties, were employed industrially. 


SULPHONATION Or SULPHATION Meaning of the terms 


For some years there was some confusion among both oil manufacturers 
as well as the tanners employing these materials as to the exact meaning from 
a chemical standpoint of the terms Sulphonation and Sulphation. 

\ clear explanation of the two reactions is given by McLaughlin and Theis ¢. 
They illustrate the reaction by means of two simple compounds, Sodium 
Methyl Sulphate and Sodium Methyl Sulphonate. 


0 
ll 
CH,—O—S=0 
| 
0 


| 
No 


FIGURE 1 FIGURE 2. 


Figure 1, Sodium Methyl Sulphate indicates that the sulphur atom is 
joined to the carbon atom by an intermediate oxygen atom. Figure 2, Sodium 
Methyl Sulphonate indicates that the sulphur to carbon linkage is direct. 

The sulphur-oxygen-carbon linkage of the sodium methyl sulphate is easily 
broken by acid hydrolysis producing methyl alcohol and sodium hydrogen 
sulphate. This ease of hydrolysis is likewise characteristic of sulphated oils 


and indicates that the reaction of sulphuric acid with oils is essentially one 


of ester formation and they therefore correctly should be known as sulphated 
oils. 
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True sulphonic compounds such as the sodium methyl! sulphonate of Figure 
2, where sulphur and carbon are in direct union, are not hydrolyzable under 
these conditions, except in some special cases, and may be characterized by 
the alkyl-aryl sulphonates which have this same resistance to hydrolysis. 

Sulphated oils as we know them may contain small proportions of true sul- 
phonic compounds, but by far the greater proportion of the active constituents 
contains the sulpho group in the form of an hydrolyzable ester. 

Although the leather trade still uses the term sulphonated oil, the present 
trend among those concerned with their analysis, preparation and applica- 
tion, is to use the term sulphated oils. 

The preparation of sulphated oils is effected by treating the oil with a given 
amount of sulphuric acid under controlled conditions of temperature and 
agitation, followed by washing the acid oil mixture with a salt solution to 
remove the excess acid. A settling period is allowed during which the acid 
oil and acid salt solution separate into layers. The salt solution is then re- 
moved and the oily matter remaining is generally neutralized with sodium, 
potassium, or ammonium hydroxide until the material clears. Following 
this, the moisture content, total alkali, etc. are adjusted to predetermined 
values depending upon the specifications for the final product. 

Fatty glycerides may contain in the fatty acid chains, hydroxyl groups, 
unsaturated bonds, or both. After examining the work of Lewkowitsch 2, 
Stiasny and Riess*, McLaughlin and Theis‘!, Kroch and Tomlinson *, and 
Burton and Robertshaw °, the following conclusions may be derived: 


1. The preliminary reaction when sulphuric acid reacts with a fatty oil 
takes place on the hydroxy group ov groups if present, and may then be 
followed by reaction on the double bond. If no hydroxy groups are preset, 
the primary reaction is addition at the double bond and both reactions 
result in the formation of ester type linkages. 

2. Due to the presence of water in the reagents as well as water formed as 
a byproduct of the esterification, secondary reactions follow whereby hydroly- 
sis and interesterification, or self condensation, a variety of compounds 
results all of which are intermixed in the finished product. 

3. The investigations of Stiasny and Riess*, Burton and Robertshaw °, 
Hart *, and Koppenhoefer*, indicate that a sulphated oil is composed pri- 
marily of neutral fatty matter, consisting of unreacted glycerides, unsaponi- 
hables, and possibly diglycerides formed by the reaction, fatty acids which 
possess some surface active properties, and sulphated glycerides and sulphated 


fatty acids which possess strong surface active properties. 


Koppenhoeffer and Retzsch® evaluated the primary constituents of sul- 
phated oils and their reaction on leather, and concluded that the sulphated 
portion functions principally as an emulsifer for the neutral and fatty acid 
portions and itself combines with the leather but adds little to its lubrication. 
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The neutral oil fraction and the fatty acid fraction are both capable of lubri- 
cation with the effect in the order named. 

Sulphated oils are used generally in admixture with other fatty untreated 
oils, although they may be used alone. Also distinct types of sulphated oils 
may be mixed in order to take advantage of the desirable properties of both 
types. However, in the final emulsion, the tanner endeavors to arrive at that 
particular blending of the various ingredients which will give his leather 
the desired characteristics. 

Bumcke !°, after evaluating the properties of four sulphated oils from the 
angle of their respective analyses as well as their effect on leather, concluded 
that an oil cannot be evaluated on one factor alone such as combined sulphate 
or total fatty matter, but that rather it is the combination of all the various 
constituents into a workable whole that determines the value of the particular 
oil to the tanner. 


SULPHATED ALCOHOLS 


Sulphated oils have an inherent weakness when used under adverse con- 
ditions where there may be present acidic materials as well as the salts of 
Calcium, Magnesium and Aluminum. Since sulphated oils have present 
carboxyl groups, either combined with alkali or uncombined, these will react 
either by neutralization or precipitation of metallic soaps which are not gen- 
erally soluble under the conditions of the solution. 

The need was therefore apparent for an emulsiher or dispersing agent 
which would be more stable under these conditions and the problem was 
approached by the production of sulphated aliphatic alcohols. 

Burton and Robertshaw ® credit Cochenhausen !! in 1897 as reporting the 
converstion cetyl and ceryl alcohols into their sulphuric esters thus laying the 
foundation for the fatty alcohol branch of the industry. However it was not 
until about 1925 that sufficient demand arose for more stable sulphated 
products and warranted further work on the sulphated alcohols. 

The starting material for this product is generally fatty acids of animal or 
vegetable origin, which are reduced by catalytic hydrogenation to the alco- 
hols and these are in turn reacted with sulphuric acid or stronger sulphating 
agents to form the sulphuric esters of the alcohols. Modern methods of syn- 
theses have produced a great variety of compounds which may be converted 
to alcohols and which have enabled modern industries to avoid complete de- 
pendence on the products of nature. 

The carbon chain of the starting alcohols may be saturated or unsaturated, 
depending upon the product desired, and the hydroxy group is generally 
at the end of the chain. The reaction is mainly one of the ester type, although 


under some conditions there might also be some true sulphonic groups pro- 


duced. If the carbon chain is unsaturated, there may be some reaction at 
this point also. 
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The final product consists of a mixture of sulphated and sulphonic material 
together with various percentages of sodium sulphate as a by-product of the 
neutralization, and is marketed usually in paste or powder form. 


The production of sulphated alcohols has therefore eliminated the problem 
of reactive carboxyl groups and the product is somewhat more stable under 
conditions of acid hydrolysis due to the presence of some true sulphonic 
compounds. 


Compared to the sulphated oils, the sulphated alcohols are most useful as 
wetting agents, detergents, and emulsifers rather than as filling and lubri- 
cating agents for leather. 


SULPHONIC COMPOUNDS 


The sulphonic anionic compounds include those produced as a by-product 
of the refining of mineral oils by means of strong sulphonating agents as well 
as those produced by the alkylation of benzene, naphthalene or other cyclic 
aromatic structure, followed by sulphonation. 


This class is generally termed the alkyl-aryl sulphonates and serve pri- 
marily as wetting agents and detergents. In chemical makeup they may 
consist of an alkyl chain, saturated or unsaturated, combined with an aromatic 
ring and may carry the sulphonic group on the alkyl chain or on the aromatic 
ring. Figure 3 shows a structure of this type. 


CH,(CH,) a 
_—. 
| -+-SO,—Na 
oe 
FIGURE 3. 


These compounds are surface active and serve as emulsifers for both 
fatty and mineral oils. 


CONDENSATION PRropucts—NoNIONICS 


To cover the whole present day feld on nonionic surface active agents 
would be a tremendous task. Developments within recent years in the field 
of synthetic organic materials have been wide in range and have embraced a 
multiplicity of starting materials. The refinement in methods and the equip- 
ment available has led to numerous classes of surface active agents, each 
class of which is subject to a wide variation in properties as well as chemical 
constitution. 


Perhaps the simplest approach would be to consider one member repre- 


sentative of a certain class of nonionics and to examine its chemical structure. 
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In the first instance let us consider the glycol or poly glycol esters. Ethylene 
glycol, the simplest glycol, may be condensed with elimination of water to 
form diethylene glycol and the final product structure is that of two ethylene 
groups, each bearing at the end of the chain a hydroxy group and united in 
the middle by an ether linkage. To this product may be condensed another 
ethylene glycol molecule producing another unit in the chain and so on until 
from a liquid the reaction has progressed to a solid waxy product containing 
a multiplicity of oxy-ethylene linkages and with a hydroxy group at either 
end of the chain. Now if one of these hydroxy groups is condensed with a 
fatty acid molecule we have in the final product a fatty chain, an ester link- 
age, numerous ether linkages, and a final hydroxy group. Figure 4 is typical 
of this structure which was produced by Schoeller and Wittwar U.S. 
1,970,578. 


O 
ll 
C,,H,,—C —O—CH,—CH,—O—CH,—CH,— OH 


FIGURE 4. 


The product may be further altered by the esterification of the terminal 
hydroxy group. 


The properties of this type of nonionic depend upon the hydrophile-lipo- 
phile balance in the molecule, the longer the fatty chain and the shorter the 
hydrophile chain, the more oil soluble it will be and in the reverse sense, if 
the fatty chain is conparatively short and the hydrophile chain long, the more 
water dispersibility it will show. We have here a means of regulating this 
HLB balance in order to give the compound the properties desired. 


Compounds of this type may also be sulphated in order to gain the ad- 
vantage of both anionic and nonionic characteristics. 


Instead of proceeding as above to condense a fatty acid with a previously 
condensed poly glycol, the starting material may be a fatty acid, fatty ester 
or fatty alcohol and these may be reacted with ethylene oxide under proper 
conditions and result in the same product. 


Another type of nonionic is the ester of a polyhydroxy alcohol, which 
depend on the hydroxy groups for their hydrophilic properties. A simple 
example of this type would be glycerol mono-oleate which has the lipophilic 
radical and two hydroxy groups for hydrophilic purposes. 


Stull another type based upon numerous hydroxy groups are the nonionics 
based upon sorbitol, a hexahydric alcohol. Sorbitol is capable of dehydration 
to form several anhydrides of cyclic structure having remaining several hy- 
droxy groups which - re available for esterification with fatty acids or for 
reaction with ethylc.e oxide for forming a long chain of oxy-ethylene groups. 
Figure 5 is illustrative of this procedure. 





LEATHER CHEMISTS ASSOCIATION 





Q O 
i : 
CH, A Neuen, —0—C—H,C,, A. Hexahydric alcohol anhydride 

A | 8 8B. Oleic acid ester chain 
HO—CH\ = —//CH—O—(CH,—CH,0), H C. Oxy-ethylene chain 

\4 c 

CH—OH 
FIGURE 5. 


\lso in the class on nonionics are the nitrogen substituted fatty acid 
amides. These products are formed by substituting the hydrogen atoms of 
the fatty amide with oxy-ethylene chains and the nitrogen has lost its basic 
character by combination with the carbonyl group. The compounds are 
generally chemically neutral and rather unreactive but do possess surface 
active properties. Figure 6 is typical. 

> (CH,—CH,0), H 
li A . : 
C,,H,—C—NC 
‘(CH,—CH,0),H 


FIGURE 6. 


The above three examples of types of nonionic compounds do not begin to 


cover the numerous variations in structure in this field of surface active 
agents but do illustrate the basic general structures. The nonionics have been 
used extensively in the textile industry and now are becoming a factor in the 
leather industry where experimentation is being carried on in the prepara- 
tion of emulsions for use under conditions where the less expensive anionic 


compounds would not be stable during the course of the treatment. 


CATIONICS 


Cationics like the nonionics were first developed for use in the textile in- 
dustry. They are known to be substantive to textile fbers and when used 
thus, confer qualities on the finished goods not otherwise obtainable. Being 
stable under acid conditions and likewise stable where salts such as alum are 
present, they offer a solution to some problems of leather technology. 

Cationics like the nonionics are capable of a wide variation in structure both 
by way of the starting materials chosen as well as by the reagents employed 
in their preparation. 

\ simple example of a cationic is a primary fatty amine where the amine 
group is attached to one fatty chain such as oleic. These compounds may be 
made water dispersible by reaction with organic or inorganic acids to form 
amine salts. The primary fatty amines having two reactive hydrogen atoms 
may be further substituted with other groups, usually of short chain to form 
secondary and tertiary amines. Usually the fatty amines carry but one long 
fatty chain, the other hydrogens being substituted with short chain alkyl 
or hydroxy alkyl groups. If more water attraction or solubility is required 
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for the hydrophile-lipophile balance, these hydrogens may be substituted 
with oxy-ethylene chains of various lengths depending on the degree of water 
dispersibility desired. Figure 7 is illustrative. 


/CHp— CH,—O),H 


\(CH,—CH,—0),H 


FIGURE 7. 


C,,H,;—N 


Another type in this class of materials is the fatty acid substituted di or poly 
amine as illustrated by Wilson in U.S. 2,267,965. Here one terminal primary 
amine group has reacted with the fatty acid to form an amide linkage, and the 
other amine group may be unsubstituted or may carry an alkyl short chain 
or an hydroxy alkyl group. Further dehydration of this product will result 
in the formation of a cyclic nitrogen containing ring, the final product being 
known as a hydroxy alkyl glyoxalidine. 

The primary, secondary and tertiary amines, amido amines and other 
combinations in this class may be further reacted with alkyl halides to form 
quaternary amine salts, and these in turn reacted to form quaternary am- 
monium hydroxides; all of which possess basic properties and are surface 
active. 


In the same manner aromatic amines may be used as a starting material. 


Various combinations may be formed, the reaction being based upon the 
properties desired in the end product. 


ApPLiED OBSERVATIONS 

It can be readily seen that with the extensive range of products available 
to the modern tanner, he is no longer limited in his choice of tanning agents 
because of deficiencies in his fatliquoring system. In addition quality of 
products and specifications are rigidly adhered to. This has aided the tanner 
immeasurably in his efforts towards closer control and improved quality 
of his leathers. 

If we were to hazard a summary of present day fatliquoring preferences, 
we would conclude as follows: 


1. Sulphated oils or sulphated base products are still the basic fatliquoring 
preferences for the normal vegetable, chrome, or combination tanned leathers 
because of their ability to impart to those leathers more of that nebulous term 
called “character”. 

2. Nonionic or cationic products or admixtures thereof are preferred for 
specialty tannages where the inherent defects of sulphated products make 
them incompatible. 

3. A significant volume of nonionic and cationic products are being adapted 
to normal tannages and further research may produce products of greater 
acceptance. 
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Modern Practice in Two Bath Chrome Tanning* 


By Epwin E. Ocus, Joun R. Evans & Company 


It was considered appropriate to present this paper at this particular 
meeting because it contains information concerning practical changes that 
have been successfully made in the original two bath tanning system resulting 
in simplifying the procedure and conserving both labor and material while 
still producing the same character and type of leather that was being made 
with the two bath method. Well over one million skins have been tanned 
using this revised method. In studying the problem, the literature was 
consulted and applied as seen fit. General acknowledgment is herewith 
given to all those of the past and present who have contributed to our scien- 
tihc knowledge of leather making, which greatly assists in working out a 
problem of this nature. 

When chrome tanning was introduced to the leather industry in 1884, the 
two bath method was used. Expressed simply, the two bath method consists 
of subjecting hides and skins first to a bath of potassium or sodium dichromate 
and acid in a paddle reel, and then to a second bath of sodium thiosulfate and 
acid, also in a paddle reel. The function of the second bath is to reduce the 
chromic acid that had penetrated the skin, while in the first bath, to a basic 


chromic salt, in which form it combines with the skin protein to form leather. 


Within a few vears after its introduction, one bath tanning was introduced 
functionally to the industry where a basic chromic salt is added directly to 


hides or skins to form leather. During the ensuing years, more and more 


n ¢ nati, O & 1953 





MODERN PRACTICE IN TWO BATH CHROME TANNING 


731 
leather produced was tanned by the one bath method, probably because it 
used less chromium, required less labor, and was considered more easily 
controlled. 

However, in the production of black glazed kid for upper leather the two 
bath system is considered by many to be more desirable. In explanation of 


what two bath leather is, we have been told that it is leather that has a speci- 


heally desirable fullness and mellowness of feel, well let out, and having a 
fine grain. It is recorded in the literature that any leather made by the two 
bath system could, in all probability, be duplicated by the one bath system. 
This statement may well be true. However, in our experience we have not 
as vet been able to do so for our black glazed kid. Truly by no means have we 
exhausted all the possibilities, but all leather we experimentally made was 
not adjudged comparable to that made by the two bath method. Experiments 
included using the one bath system, as well as the two bath system, in a 
drum by treating the skins first with various amounts of sodium dichromate 
and acid, followed by sodium thiosulfate and acid. Among the tests made, 
organic acids such as acetic, lactic and oxalic were incorporated, as well as 
formic acid and formate salts, in the procedure. The official comment always 
was, “‘it is like one bath leather’. 

The two bath system, as we practiced it, used an excess of sodium dichro- 
mate and sodium thiosulfate and also labor in handling the stock. It was 
mainly for this reason that during the early part of 1939 we started to in- 
vestigate our two bath system, with the thought in mind of developing a 
procedure utilizing the principles of the two bath system but conserving 
material and labor. It was hoped we could make two bath leather without 
using any more sodium dichromate than was generally being used in pro- 
ducing one bath leather. Actually, in our two bath procedure 7°; sodium 
dichromate and 314°; muriatic acid was used. Of this 7°; dichromate, 3°; 
or less was accounted for in the skins after removing from the first bath and 
striking out. It is known that chromic acid does not abnormally swell skins, 
so our first approach was to determine how little chrome could be used 
working in a paddle reel and still inhibit abnormal swelling. 

A series of laboratory tests were made, varying the amounts of sodium 
dichromate and muriatic acid, in order to observe the swelling and general 
appearance of the skins. On a molecular weight basis, one part of our muriatic 
acid would react with virtually 1.3 parts of sodium dichromate to form 
sodium chloride and chromic acid. We knew from experience that the amount 
of acid necessary to establish a specific equilibrium in the first bath will vary 
with the alkalinity of the skins. In the first test series, we used 100 grams of 
bated skin and 400 ml. of water, sodium dichromate was varied from 2 to 7°, 
on the weight of the skin with 1% variations. 314°; muriatic acid was used 
on all. On the basis of the ratio of acid to dichromate of 1 : 1.3, 345° acid 
would require +.54°7, sodium dichromate in order to satisfy all of the muriatic 
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acid in forming chromic acid and sodium chloride. In order to have the most 
severe acid condition, the skins were added last to the prepared solutions. 
\fter 2 hours submersion in these prepared solutions, the pH varied from 
2.02 for the 2°; dichromate to 2.39 for the 7°; dichromate. The tests using 
t to 7°; dichromate showed no indication of abnormal swelling. The one 
with 3; dichromate was slightly swollen. The one with 2°, dichromate 
was very swollen. In all tests the 2 hour pH was more than a full pH unit, 
lower than we usually maintained at this point in production. In the next 


( 


test series we used 2°, dichromate, 3!5°, muriatic acid and varying amounts 


of sodium chloride, namely O, 2, 4, 6, 8, 10 and 20°, on the wet weight of 
the skins. The test with 6°; salt showed slight swelling, all those below 6°; 
were quite swollen and those having more than 6°; salt indicated no abnormal 


swelling. 


On the basis of these preliminary tests, we proceeded to develop a method 
using, on the wet weight skin basis, 3, sodium dichromate, which was 
virtually no more dichromate than the skins contained when struck out after 
removing trom the nirst bath of our old system. We also used 7° ( salt and the 
amount of muriatic acid necessary to establish the equilibrium we desired 
which, for our particular stock, amounts to approximately 3°,. It was 
believed that under these condition, which were proven by test, we had a 
large enough margin of safety to prevent abnormal swelling. In actual 
production, these hgures are used today as the basis of the first step in out 
modernized two bath tan. Experimentally increased amounts of sodium 
dichromate were used, such as 3! and 4°,, with and without salt, but we 


make just as satisfactory leather using 3°; sodium dichromate. 
In general, actual procedure consists of adding 1500 Ibs. washed bated 
skins to a 1000 gallon paddle reel, containing water and 100 Ibs. of salt, which 


is equivalent to 6.7°,; on the weight of the skins. While paddling, 3, sodium 


dichromate 1s added on the weight of the skins, the dichromate being prev- 


iously dissolved in a barrel of water, and 3, muriatic acid then mixed there- 
in. The addition is made in four equal feeds ten minutes apart. After running 
for 2 hours after the last feed, the pH is determined and adjustment made to 
give a definite end pH. After a total run of + hours the reel is shut off and 
allowed to rest overnight. The following morning the reel is started running 
to mix and freely move the skins and the pH recorded. We have elected to 
get a pH of 3.6 at this point. It IS rare that the end pH Varies as much as 
one-tenth of a pH unit plus or minus. The first step of the tanning procedure 


IS NOW complete d. 

The second bath of the two bath system involves many complex reactions. 
While its purpose is to reduce the dichromate and chromic acid contained in 
the skins to a basic chromic salt using sodium thiosulfate and muriatic acid, 
the intermediate products formed during the reduction will be governed 


by the ratio of the chemicals involved to one another. Therefore, the manner 
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of adding the sodium thiosulfate and muriatic acid will govern the reactions 
taking place as is well recorded in the literature and will have a bearing on 
the finished leather. The wishes of two bath tanners vary regarding the 
application of the second bath. Some prefer to have present sufficient acid 
in the beginning to create a considerable amount of sulfur, others add the 
acid more slowly to prevent the immediate precipitation of sulfur and prefer 
to form the polythionates. 


The amount of thiosulfate above the chemical equivalent required also has 
a bearing on the character of the leather. In our old two bath system we used 
twenty-one per cent thiosulfate which 1s three times the amount of dichromate 
used in the first bath, a ratio of chrome to thiosulfate used by many two bath 
tanners. In our revised method we made tests varying the percentage of 
thiosulfate and finally settled upon using eighteen per cent because it gave 
us our best results. While using our old two bath system, the acid 
feed was studied and many variations made trying both slow and rapid 
feeding. We felt we got better results by dissolving the thiosulfate in the 
reel of water; then adding all of the muriatic acid, which was seven per cent, 
and when the solution became milky, indicating the formation of the sulfur, 
the skins from the first bath, which had been previously struck out and 
dipped, were added. In our revised system we experimented extensively 
with the addition of the thiosulfate and acid, such as varying the time of 
running after adding the thiosulfate to the chrome bath before adding the 
acid, as well as varying the manner of adding the acid. We prefer to add all 
of the thiosulfate to the chrome reel, which still contains the skins, mix to 
dissolve and then add all of the acid previously diluted in a barrel of chrome 


solution that had been taken from the reel before adding the thiosulfate. 


This manner of addition approximates our previous way of working. Operat- 


ing this way, we get a precipitation of sulfur in the reel. In determining the 
amount of acid to use, we endeavored to create the same acid equilibrium 
in the bath as we had at this particular point in our old two bath system. 
To accomplish this, it was found that 10!o°, muriatic acid was required, 


which is an increase of 315°, over the amount used in the old system. 


Condensing W hat has been said regarding the second step of our modernized 
process, we add 18, sodium thiosulfate to the paddling chrome bath con- 
taining the skins and virtually immediately thereafter 10100, muriatic acid. 

\djustment of the pH of the thiosulfate bath follows. Much can be done 
to vary the character of the finished leather at this point just as is the case 
in the old two bath system. The length of time the skins are in the thiosulfate 
bath may be possibly six hours or over night. Final neutralization may take 
place in the thiosulfate solution or after some washing. Some may prefer to 
neutralize later. Any of the usual neutralizers, such as sodium or ammonium 
bicarbonate ’ soda ash, borax etc., May be used. The hnal end point to achieve 


may vary; the individual tanner must work out the conditions that suit 
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his particular purpose best. Organic acids or salts may be incorporated in the 
system as desired. We have used all of these variations at various times with 
good results. At the present we prefer to finish our neutralizing in the thio- 
sulfate bath, and then wash in preparation for the next operation. All of the 
skins withstand the boil test at this point. 


The chrome content of the finished leather by the new and the old method is 
about the same. The leather produced, using this modernized tanning method, 
has been adjudged to be two bath leather in character. Chemically, how 
closely we approximate the old two bath method is difficult to say. Judging 
by the results obtained and visual observation of the method in progress, 
we believe the relationship to be very close. It might be said that in the old 
method the skins themselves contained the equivalent of 3°; dichromate 
before entering the second bath, whereas in the new method the 3°7 dichrom- 
ate is partially in solution. This is true, but in the old method when the skins 
entered the second bath, dichromate was immediately exuded from the skins, 


which was clearly shown by the color of the solution. 


\s mentioned previously, this method was developed during the year 
1939. When chrome became in short supply it was adopted completely. 
Under allocation, we were reduced approximately 507 in sodium dichromate. 
However, we were still able to produce the same amount of leather because 
we reduced the amount of chrome we were using more than 50°;. Labor 
also became scarce, but it was no longer necessary to remove the skins from 
the first bath, horse up, strike out, dip, rip off and throw into the second 


bath, Ww hich Was a decided advantage. 


How closely this procedure approximates what other two bath tanners 


have done we are not aware. As is evident from our approach, we preferred 


to develop a method using no more sodium dichromate in our tanning than 
was necessary. It is our opinion that our modernized method is a desirable 
one. It is simple to work, easily controlled because the skins are put into a 
reel and are not removed until tannage is completed and it produces leather 
adjudged to be two bath leather. 


In summation, the development of practical changes that resulted in 
simplifying two bath tanning was reviewed. The revised method was out- 
lined. It was shown that a saving, particularly in sodium dichromate, was 
effected as well as a saving in labor. The finished leather was declared to be 


two bath leather in character. 


Received July 9, 1953. 





INVESTIGATION OF SWELLING BY COLLAGEN 


An X-Ray Diffraction Investigation of Swelling 
by Collagen* 


By Matcotm A. Roucvie** and RicHarp S$. BEAR 


Department of Biology 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

The hydration and swelling of collagen, a major component of skin dermis, 
bone, tendon and other supporting and connective animal tissues, are among 
the more interesting properties of this fbrous protein. Much of what is 
known regarding the molecular basis for these phenomena has been derived 
from x-ray diffraction studies. A recent review has considered swelling and 
other matters in terms of the structure of the ultramicroscopic elements of 
collagenous substance, the fibrils (Bear, 1952). 

The wide-angle portion of the x-ray diagram furnishes information about 
only a part of the collagen fibril, chiefly the better integrated interbands of 
electron microscopy. Small-angle diffraction studies supply knowledge of 
the entire fibril. With respect to relationships with water, both diffraction 
helds have been investigated mostly at the extreme dry and wet states, 
which are found to be significantly different. This paper supplies observa- 
tions concerning outstanding associated changes encountered at both wide- 
and small-angles with graded variations in moisture content. 


EXPERIMENTAL METHOD 

Relative to diffraction method, experimental procedures resemble closely 
ones previously described (Boldaun and Bear, 1949). In brief, Cu Kz radia- 
tion (Ni-filtered, A 1.54 A) was used with small-angle pinhole cameras 
having resolutions for larger spacings (fd) of 400 and 8OO A at 15 cm. These 
cameras were capable of photographing the pertinent equatorial part of the 
wide-angle region, which was calibrated with gypsum powder, diluted with 
starch. 

Selection and initial preparation of specimens. Small-angle diffraction 
studies are most significant when carried out with strands exhibiting the 
characteristic ‘fanning,’ 1. e., the progressive increase of length of the small- 
angle layer lines as they depart from the diagram center. Previous experience 
(Bear, Bolduan, and Salo, 1951) had shown that available samples of kangaroo 
tail tendon are relatively easily induced to ‘fan.’ A preliminary study was 
undertaken to determine means for securing initial specimens with sufficiently 
identical fanning characteristics. 

Uniform, long (10 cm.) fibers of tendon, having diameters of about 1 mm. 
when dry, were soaked in distilled water at room temperature for about four 

*Supported in part by a grant-in-aid from the American Car 
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hours. Air drying under excessive tension yielded, at first, specimens showing 
imperfect fanning. Experiments were, therefore, performed to determine 
the proper magnitude of tension in relation to cross-sectional area. 

The weights (W) and lengths (L) of several dry fHbers were measured, and 
the quotient W/L equal to p \, where pis density and A the cross-sectional 
area) served as a convenient measure of the cross section of each. The fibers 
were then soaked and subjected to stress expressed as TL W, where T was 
the actual applied tension. In the experimental range of stress, 1.2 to 7.5 x 
10° cm., all tensions were suthcient to maintain good hbril orientation, as 
judged from lack of arcing at small-angle layer lines; only stresses at the 
upper limit were enough to deteriorate fanning. For the subsequent swelling 
studies, drying stress was kept at 3 x 10° cm. 


Moisture introduction. Short lengths (ca. one cm.) of the suitably prepared 
air-dried tendon fibers were placed in longer thin-walled Pyrex capillaries 
wall thickness less than 0.025 mm.), each of which had been flame sealed 
at one end. The samples were then allowed to come to equilibrium with 
atmospheres of various relative humidities at 25° C., obtained in desiccators 
containing sulfuric acid solutions. Periodic weighings of larger samples 
subjected to the same environment allowed determination of the water 
uptake. Equilibrium was obtained after one to two weeks, but the specimens 
were allowed at least twice this time before x-ray examinations. The dry 
weights of the large samples were established over calcium chloride at room 
temperature, followed by exposure to phosphorus pentoxide at 95° C. for 
one week. The driest specimens for x-ray examination were prepared in the 
same environments. 


The specimens were finally sealed quickly into the capillary, by flaming 


the open end, and then mounted for x-ray examination. 


Lin tations of the experi mental pro¢ ed Tes. The X-ray diffraction effects 


are essentially those of individual fibrils, enhanced by photographic sum- 


mation of the x-ray intensities scattered independently by all fibrils in a 
massive sample (fiber). Ideally one wishes to control all pertinent variables, 
such as temperature, water content, previous history, local tensions and 
compressions, etc., SO that all fibrils of a sample are subjected to identical 
and reproducible conditions. For fairly obvious reasons this is impossible 
in principle and in practice, with a complex colloidal system, although it is 
remarkable how much in concert most of the fbrils must behave to vield the 
distinct diffraction effects observed. 


Faced with these difficulties, we have chosen the simplest possible pro- 
cedures, as outlined above. Since fibers were used, the results presented 


below are not to be taken as reflecting the properties of s7) solated fibrils 


at given water contents, te mpe ratures, etc. Ik urthe rmore, while itis convenient 


to describe samples in terms of macroscopic properties (water contert, 
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density) these have only indirect relationship to the corresponding intra- 


hbrillar characteristics. Some pertinent specific remarks along these lines 
need emphasis: 


(a) While water was generally introduced from the vapor phase at 25° C., 
it was in a few instances found desirable or more convenient to use other 
temperatures or direct contact with water. All diffraction photographs were, 
however, taken at the same (room) temperature, though this was not com- 
pletely controllable. Diffraction effects are fairly sluggishly affected by 
temperature variations, at least relative to present methods of examining the 
photographs. The specimens were sealed from changes in water content, 
which was the important externally controlled variable against which the 
diffraction comparisons were made. For some purposes the diffraction effects 
provide their own internal standards. 

(b) The initial conditions of stress necessary for small-angle fanning were 
set up during sample preparation, as described above, but the specimens 
were then allowed freedom to relax or elongate, at will, in their capillaries 
during moisture introduction and x-radiation. In a few instances, chiefly 
at high moisture contents, special observations served to determine the quali- 
tative effects of applying tension during diffraction registration. Variations 
of the macroperiod indicate fairly directly the relative longitudinal exten- 
sious Which the fibrils assume at different stages of swelling. 

c) The experiments were deliberately carried out with unpurified native 
tissue, in order to avoid the deteriorative effects on diffraction often accom- 
panying purification procedures (Bear, 1944). Some idea of purity would be 
desirable, however, though this is dithcult to secure in the absence of definite 
criteria of purity. Existing chemical evidence is that various mammalian 
collagens have similar constitutions (Neumann, 1949). Analyses of purified 
calf skin collagen showed as high as 14.4; hydroxyproline, whereas under 
similar conditions kangaroo tendon was found to contain 13.0% (Neumann 
and Logan, 1950). This amino acid is believed almost exclusively character- 
istic of collagen, hence these results may indicate that as much as 10°7 of 
other substance is presént in the kangaroo tendon. Analyses in triplicate 
of our driest samples indicated 1.5, ash and 18.067 nitrogen, corresponding 
to 96.8; protein with nitrogen content (18.607) typical of collagen, after 
hgures on purihed bovine hide collagen given by Bowes and Kenton (1948). 
Figures for moisture content cited below are corrected slightly to allow for 
this possibility. Macroscopic properties (water content, density) need not, 
however, be as much in error as the impurity estimates given above might 
suggest, unless the corresponding properties of the impurities are markedly 
different from those of collagen. 

d) Pomeroy and Mitton (1951) have ably discussed the difficulties at- 
tendant on the definition and measurement of the density of dry collagen. 
They found, by displacement of nitrogen gas, a “real density” of 1.41 for the 
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collagen of dry calf hide. In their experience displacement of non-polar 
liquids should vield results about 5°; lower, or 1.34. We measured a density 
of 1.34 for our driest kangaroo tendon samples by flotation of compact, 
transparent pieces in mixtures of bromoheptane and carbon tetrachloride 
or chloroform. For the rough use to which we put this quantity in the fol- 
lowing discussion, this igure is adequate. 


EXPERIMENTAL RESULTS 


The moisture sorption isotherm of collagen. Figure 1 presents the moisture 
sorption isotherm (25° C) observed for the kangaroo tendon samples. The 
moisture sorption of typical collagen has not often been recorded. The most 
complete study is that of Kanagy (1950), who used specially purified hide 
samples. Bull (1944) previously had examined both collagen (a purified hide 
powder) anda gelatin. 
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Moisture sorption isotherm (25° C.) of kangaroo tail tendon corrected to be 
that of a collagen with 18.6% N. The location a, b, c, d and e on this and 
other graphs divide the curves into important experimental intervals, 


discussed in the concluding section of the text. 
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There seems to have been significantly larger sorption, particularly at 
lower humidities, by our samples than has been generally experienced. The 
difference is larger than possible impurities in our case could explain. When 
analyzed according to familiar methods (Brunauer, Emmett, and Teller, 
1938) the results of Figure 1 yield for the amount of moisture adsorbed 
strongly, on the primary layer of ‘internal surface’ in 100 g. of collagen, a 
value of 13.0 g., as compared to previous figures, 9.5 (Bull) and 11.0 g. (Kan- 
agy, at 28° C). Our samples were minimally treated to preserve the native 
sorption capacities, and the zero level was carefully secured. 

Pauling (1945) suggested at one time that this primary sorption should be 
equivalent to the number of moles of residues with polar side chains, plus 
the moles of carbonyl groups left free from internal hydrogen bonding by the 
absence of the usual imino groups at proline and hydroxyproline residues. 
According to the analytical data of Bowes and Kenton (1948) this should 
require typical mammalian collagen to bind 11.2 g. of water per 100 g. of 
protein. Mellon, Korn and Hoover (1948) have shown that peptides without 
polar side chains or pyrrolidine residues can still absorb some water strongly; 
a sorption of about 0.16 moles of water per mole of peptide nitrogen was 
noted with polyglycines. If similar figures are applicable to collagen, of 
average residue weight 93, then one calculates that 2.4 g. of water should 
be strongly bound to the peptide linkages in 100 g. of this protein, after 
correcting for the mole fraction (0.222) of pyrrolidine residue already counted 
above. These total sources for primary sorption combine to yield a possible 
13.6 g. of water, of which about 13.0 g. are observed to be actually taken up 
by kangaroo tail tendon. 

Although internal structural relationships may prevent realization of a 
1:1 ratio of water to polar adsorbers, the observation of the high actual 
primary sorption indicates that this sort of interference is not strongly 
operative in collagen. The full conceivable use of the peptide linkage has not 
been considered above, however, and some hydrogen bonding groups should 
undoubtedly be reserved for intra- and intermolecular unions. 


The effect of swelling on wide-angle diffraction. In Figure 2 is shown the 
effect of water content on the principal wide-angle equatorial spacing of 
collagen. Data of this detail has been hitherto available only for gelatins 
(Herrmann, Gerngross and Abitz, 1930; Katz and Derksen, 1932). While 
other changes in the wide-angle pattern occur between the dry and moist 
extremes (Bear, 1952), movement of the major equatorial arc provides the 
most exactly describable phenomenon encountered. 

The lower limit to this spacing is often given as 10.0 or 10.4 A, based on the 
hgures reported from the relatively poor diagrams yielded by gelatins. We 
were unable to obtain in several trials less than 10.6 A. Indeed, the near- 
vertical slope of the curve at low water contents shows that the zero level of 
moisture would have to be considerably in error to allow a reduction of 0.2 A 





LEATHER CHEMISTS ASSOCIATION 


sorbed 


Moisture 


- 
c 
a 
o 
° 
° 
9S 
o 
°o 
° 
7 
° 
N 
x 
o 


12 13 14 


Equatorial spacing (A) 


Influence of moisture sorption on the major equatorial spacing. Open 
circles correspond to those of Fig. 1. The double circle represents a sample 
equilibrated over water at 30° C. The triple circle shows the result of examina- 
tion im water (without tension). 


in the spacing. According to Figure 1 and the accompanying discussion, our 
values for sorption are already high, so that this source of error is unlikely. 
Since the spacings were actually measured from calibrated small-angle 
photographs (and with a specimen-to-hlm distance as high as 15 cm.), we 
believe the 10.6 A value to be the correct one for truly dry kangaroo tail 
tendon collagen under no external constraints. 

The upper limit for the spacing here obtained was 14.6 A, the value for 
stretched specimens immersed in water. This figure has been reported as 
high as 15 to 16 A, but these may be legitimate variations for different col- 
lagens, since results with gelatin indicate that expansion to as much as 17 A 
may be possible. 

It seemed important to increase the number of experimental points at the 


upper extreme of Figure 2, to test the reality of the tendency toward smaller 
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slope of the curve there. The most reliable result of those from samples over 
pure water was obtained in a vessel immersed in a bath carefully kept at 
30° C., somewhat above the usual temperature of 25° C. The water contents 
of specimens actually immersed in water during diffraction study were esti- 
mated by blotting thoroughly and weighing. In spite of the variety ofmethods 
used to cover the highest range, the curve expresses only the relation between 
water contents and spacings for specimens photographed under otherwise 
identical conditions. 

Other pertinent phenomena encountered on the equator of the wide-angle 
diagram at high moisture levels are illustrated in Figure 3. Beginning at a 
water content of about 50 g. per 100 g. of collagen a continuous streak de- 
velops on the patterns from the center to the position of the major equatorial 
arc. The latter also, over the same moisture range, loses its arc-like exten- 
sions, finally becoming rather closely confined, as a spot, to the equator. 
The streak was formerly reported by Astbury and Lomax (1935) for elastoi- 
din, while Bolduan, Salo and Bear (1951) noted a similar sharpening of the 
equatorial are accompanying introduction of tanning agents into kangaroo 
tail tendon. 


a d e 


FIGURE 3.—Changes in central equatorial scatter accompanying swelling. The labelling 
letters indicate the approximate locations of the photographs relative to 
the experimental intervals of the graphs. The fiber axis is vertical in all 
patterns, and the diffraction field covered is central to E of Fig. 3 of Bolduan, 
Salo, and Bear (1951). 


That the streaking phenomenon is not spuriously developed from the 
general radiation background supplied by x-ray tubes has been shown by 
Furnas (1952), whose purely monochromatic focusing camera yielded photo- 
graphs clearly exhibiting the equatorial streak. 


Alterations in small-angle diffraction. Figure 4 exhibits the changes in 
the size of the macroperiod, observed at meridia of small-angle patterns, 
relating them to the equatorial spacing variations described above. Wright 
(1948) has presented similar changes in macroperiod, relating them directly 
to the relative humidity of environments surrounding the specimens, which 
were, however, lightly stained with phosphotungstate. 
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FIGURE 4.—Relations between the major equatorial wide-angle spacing and the small- 
angle meridional macroperiod. Circles represent samples photographed 
without external constraint, with the same symbolism as in Fig. 2 and an 
additional confirmatory point (solid circle rhe triangle shows the result 
of adding tension to a wet fiber. 


At the lower values for both spacings one observes a long, almost horizontal 
stretch of the curve where macroperiod changes are much greater than those 
at the equator. The phenomenon is capable of repetition, as shown by an 
added experimental point. It must be observed, however, that the lowest 
points are obtained after subjecting air-dried specimens from above the 
horizontal region to a temperature of 95° C., in order to drive off water. 


The thermal motions in the sample undoubtedly facilitate the macroperiod’s 


contraction, though, as is shown below, the volume lost is about what would 
be expected from water loss. 

Attached to the horizontal region is one in which small and large spacings 
increase linearly within experimental error, varying, respectively, between 
the limits 10.7 to about 13.5 A and 637 to 668 A. At higher equatorial spacings, 
however, our ‘normal’ experimental procedures resulted in an unexpected 
turning back to lower macroperiods. It was suspected, and soon confirmed, 
as shown by the experimental point obtained with a fully wet specimen held 
under tension during the x-radiation, that the reversionary tendency of the 
macroperiod resulted from the fact that normally the specimens were allowed 
to relax as they pleased in their capillaries. 

Certain alterations in line intensities and in the degree of fanning also 
accompany the sequence of swelling events. Figure 5 illustrates the over-all, 
small-angle pattern changes. 
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The fanning phenomenon can be expressed quantitatively by the angle 7 
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y, as a function of macroperiod. Since each point was 
derived from the best single pattern obtained from a given specimen, points 
do not correspond exactly to those of other graphs, which express averages 
of all pertinent information 
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maxima of successive diffraction layers. In these instances the clearest non- 
central maxima, persisting over wide range of spacing change, are those on 
the eighth layer lines. Figure 6 shows the result of measurements of y made 
from the eighth line components. It is difficult to claim great precision here, 
but that the general relationships are as shown is unmistakable from over-all 
examination of the fanning effects. In general, fanning effects persist without 
much change in y over most of the swelling phenomena, only breaking with 
rather rapid decrease of y to zero as swelling nears the region of maximum 
macroperiod. 

Changes in line intensity proceed less precipitously. As soon as the equa- 
torial spacing begins to enlarge there is a gradual decrease in the central 
intensities of certain even (notably the second and fourth) layer lines and an 
increase in some odd (particularly the fifth) lines, tending to develop the 
ascendency of odd over even lines characteristic of the wet condition. Finally, 
as fanning breaks, the remaining even lines (sixth and eighth) become less 
noticeable, completing the alternation of strong odd and weak even lines. 
The alternation ceases beyond the tenth line. 


Over-all changes in the apparent molecular volume. Bear (1952) has given 
reasons for believing that a collagen molecule occupies in the fibril roughly 
that space which has a length equal to the macroperiod and a cross-sectional 
area appropriate to hexagonal packing of cylindrical or helical units, whose 
interplanar separation is that of the major equatorial spacing. It is instructive 
to examine the expanding apparent molecular volume, /’, relative to the chang- 
es in water content, as is done in Figure 7. The apparent molecular volumes 
were calculated from the experimental equatorial, d, and large meridional, 
b., spacings, according to the relation appropriate for hexagonal packing: 


2 d? by. 


V 


For comparison is also plotted the volume to which the water, if added at 
its normal density, would increase the molecular volume, starting from the 
dry state. For this calculation, /’r, the desired volume at moisture content 
r per 100 g. of protein, is: 

iP» 
(il +——), 
100 py 


oO 


where J’o is the molecular volume for the dry state, and pp and pw are the 
respective densities of protein (1.34) and pure water (1.00) at 25° C. 

The interesting fact emerges that the volume increase, starting from the 
dry condition, is at first that expected if most of the added water contributes 


to the expansion of the molecular space. At intermediate swellings, although 
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crease if all sorbed water were effective in causing enlarged spacings. Samples 
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the various results cited above indicate that spacing and other diffraction 
changes are still going on, much of the entering water is not effective 11 causing 
increase of the apparent volume. Finally, however, the spaces for uptake of 
‘hidden water’ become saturated and once again, as the system goes into 
pure water, much of the moisture regain is reflected in increase of apparent 
volume. 

The macroperiod, by, is an over-all molecular dimension, but the equatorial 
spacing, d, reflects a dimension of only a portion of the molecular cross sec- 
tions, those at the better ordered interbands. Thus, the hidden water men- 
tioned above need not be sorbed in truly extra-molecular spaces. With this 
caution, the calculations summarized in Figure 7 are useful. Also note that 
these considerations do not distinguish between actual molecular expansion 
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and increase in space per molecule within fibrils. Much of the variation of 
the equatorial spacing could result from simple insertion of water molecules 
between the parallel molecular chains. 


CONCLUSIONS 


In order to facilitate consideration of the experimental results, a summary 
is presented in the Table, which also includes indication of the interpretations 
which we place on these events in terms of fibrillar structure. The swelling 
process has been divided into intervals whose limits are indicated ata, b,c, 
and e on Figures 1, 2, 4+, 6 and 7. Point d represents a condition of special 
significance in the interval c-e. The final state, immersion in pure water, is 
not labelled specifically, since two end states, depending on applied tension, 
have been given. 

\s one progresses roughly from upper left to lower mght in the Table, 
one observes the sequence of major events which would be met with increas- 
ing water content, starting with the dry fibrous protein. All of the water 
7 g.) in interval a-b and about 6 g. of that in b-c are assumed to be ‘bound’ 
or ‘primary-layer’ water from indications of the moisture isotherm (Fig. 1). 
Che remainder is ‘free’ or ‘multilayer’ water in each interval. The percentage 
hgures given in parentheses indicate how much of the volume of water 
involved in each interval shows up in the changes in apparent molecular 
volume (cf. Fig. 7 

Other quantitative descriptions of the intervals are given in terms of 
variation ranges for macroperiod and equatorial spacings, and for fanning 
angle, y. The spacing changes are also expressed in terms of their average 
variation while a gram of water is added to 100 g. of protein at each interval. 
These latter fHgures indicate where the most striking events occur. Other 
experimental observations, such as changes in equatorial streaking and are- 
ing, or in small-angle line intensities, cannot conveniently be given quanti- 
tative expression, nor would such quantitation be signifcant at the present 
time. 

Horizontal arrows in the Table indicate how far over the swelling each 
specihed event or observation extends. Vertical arrows connect items of 
sorbed water with the tvpe of locality and use to which the water is believed 
to be directed. The structural event which the sorption is presumed to cause 
is then connected vertically with the observed diffraction change providing 
evidence for the event. Only major and type-illustrative vertical connections 
are made. 

It would be desirable to interpret the diffraction variations in terms of 
events at the specie bands and interbands visible in electron micrographs 
Schmitt and Gross, 1948). This cannot be done directly, beause of the 


impossibility ot observing the relative phases of the separately diffracted 


waves. Instead, one is limited to explanations in terms of events at type 
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locations, i. e., whether at bands or interbands generally, using as guiding 
principles the results of experience (Bear, Bolduan and Salo, 1951; Bolduan, 
Salo and Bear, 1951) and the theory of diffraction (Bear and Bolduan, 
1951) by collagen fibrils. 

The following comments supplement the Table in explanation of some 
of the points involved. It should be understood that the ‘chains’ under dis- 
cussion are to be thought of as polypeptide molecular chains of as yet in- 
completely specified helical configuration (cf. Cohen and Bear, 1953). ‘Kink- 
ing’ and ‘straightening’ refer to alterations in the course of the helix axis, 
which has a natural rigidity and is effectively lengthened when freed from 
distorting influences. 

\t first sight it may appear puzzling that the macroperiod can change 34 A 
in interval a-b while the fanning phenomenon shows relatively little change, 
with respect to either the angle y or the shapes and relative intensities of 
the small-angle layer lines out through the twentieth. We assign the partial 
chain straightening, which explains the macroperiod increase, to events 
occurring at bands, in spite of the fact that the chain kinking at these places, 
which ts responsible for fanning, would be reduced at the same time. The 
straightening and disappearance of fanning is completed at interval c-e. 
In earlier stages the important considerations are (a) that relative band loca- 
tions along the macroperiod could not be greatly changed, and (b) that in 
dealing with spacings greater than 30 A, corresponding to the range of the 
hrst 20 layer lines, relative magnitudes of structure factors of imperfections 
will be dependent mostly on these band locations, as long as some disorder 
remains in all bands. 

Bound water is believed to be sorbed in the interval a-b by polar groups of 
bands, where it has been suggested that the larger basic and acidic side 
chains are concentrated and cause major chain distortion and associated 
looseness of structure in dry hbrils (Bear, 1952). During interval b-c water 
invades the interbands, whose relative perfection of chain aggregation is 
responsible for the more distinct aspects of wide-angle diffraction (including 
the major equatorial reflection) and for the central components of small- 
angle layer lines. Thus, in interval b-e the equatorial spacing undergoes its 
hrst and nearly most significant expansion. At the same time the alternation 
of small-angle central line intensities, apparently characteristic of a major 
effect of water upon collagen hbrils, is largely developed, awaiting only the 
later disappearance of fanning to be fully revealed. 

\t bands and interbands multilayer sorption follows upon introduction 


of beund water to continue the chain straightening or separation processes 


characteristic of each type of location. The former process nears completion 


at c-e, whereupon fanning evidence disappears as ycollapses to zero. Possibly 
at both band and interband margins the chain separation often causes 
chains to break completely away from coherent connection with neighbors to 
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develop the equatorial streaking phenomena, characteristic of scattering 
by isolated chains. At the same time the more poorly oriented chain segments 
at these marginal regions cease to diffract coherently to the major equatorial 
reflection, which now receives contributions mostly from the remaining 
better oriented chain segments at interband centers. 

Much of the water entering the fibril over interval c-e arrives at bands and 
at interband margins. Being used for development of chain incoherence, 
this water is not completely effective in causing increase of either the macro- 
period or the equatorial spacing, hence remains hidden in calculation of 
apparent molecular volume. After point e the availability of these hidden 
spaces diminishes and further orderly chain separation occurs at interband 
centers. The latter remain the only localities at which interchain forces 
appear to remain capable of preserving fibril integrity, though the longer 
acidic and basic side chains could possibly still bridge the interchain gaps at 
bands. 

We refrain from further interpretations at this time based on specific chain 
configurations and the distribution of intergrating chemical groups along 
them, because of the impossibility of deriving such relationships from the 
information here displayed. Several general observations may, however, 
be made: 


a} Over all intervals of swelling phenomena, intrahbrillar processes are 
occurring, as shown by the constantly changing diffraction field. Classical 
terms used to describe moisture sorption, such as primary and multilayer 
sorption, and the ‘surfaces’ assumed to assumulate these, can now be supple- 
mented by better specification of the types of intrafibrillar event associated 
with swelling. 

b) All parts of fibrils are susceptible to invasion by water, though in 
different ways. The older terms inter- and intramicellar, crystalline and amor- 
phous, while still capable of modern adaptation, are largely now inadequate 
to distinguish the various kinds of intrafibrillar region involved in the swelling 
process. 

(c) The general route of entry of water, like that of stains or tanning 
agents, is first into bands and then into interbands. These sorbed substances 
also, when nearing saturation, would appear to invade the better integrated 
interbands by wedging chains apart, starting from band regions. The results 


of this study amplify a previous suggestion that there is a close relationship 
between the effects of water upon fibrils of collagen and their distortion on 
drying (Bear, Bolduan and Salo, 1951). 


SUMMARY 


1. The events accompanying swelling in water by fibrils of kangaroo tail 
tendon collagen have been investigated by observing the associated changes 
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in small-angle and in equatorial wide-range X-ray diffraction accompanying 
graded amounts of moisture sorption. Results include a moisture sorption 
isotherm (25° C.), quantitative expression of the changes in macroperiod, in 
the major equatorial spacing, and in the small-angle ‘fanning’, as well as 
qualitative description of variations in small-angle line intensities and in 
equatorial streaking and arcing phenomena (see the summarizing Table). 
Also given are some observations relative to the effects of tension on the 
fanning characteristics of dry fibrils and on the macroperiod and the equa- 
torial spacing of moist specimens. 

2. Description of the total moisture sorption range can be conveniently 
divided into four intervals. Under rather dry conditions water sorption 
involves primarily the fibrillar bands, at which the axes of the kinked, roughly 
parallel helical chains straighten as moisture is introduced. The event 
characteristic of the next interval is a hydration of polar groups at inter- 
bands, whose relatively well ordered, parallel chains begin to separate laterally 
in orderly fashion. In the meantime, by the third interval the chain-straight- 
ening process has proceeded to an extent where small-angle evidence of chain 
kinking continuously disappears. Almost simultaneously, segments of ad- 
jacent chains at bands and at interband margins become tree of each other 
and ‘swim’ in interposed ‘lakes’ of water. Finally, as the samples come into 
equilibrium with pure water the interchain separations at interbands once 
more increase to a spacing of 14.6 A (without tension), which is better oriented 
equatorially than is the corresponding original 10.6 A spacing of the driest 
material. The total observed macroperiod change between dry and wet 
extremes is 603 to about 670 A in unrestrained samples. 
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ABSTRACTS 


Studies on the Reactive Groups of Collagen. Part II. The Reactions of the 
Carboxyl Group. By D. Burton, J. P. Danby and R. L. Sykes. J. Soc. Leather Trades’ 
Chemists, 37, 219 (1953). The paper deals with the inactivation of the acidic carboxyl 
groups. There are two methods for accomplishing this: esterification and removal of the 
carboxyl groups. Samples of official hide powder and sheepskins which had been limed, 
delimed, bated, washed free of salts and brought to neutrality with distilled water were 
esterified with diazomethane (CH2N:), with dimethyl sulfate (Me.SO,) and with methanol 
with strong acid as a catalyst. The extent of esterification was measured both directly and 
indirectly. The former was accomplished by estimation of the methoxyl (~OCHs) content 
and the latter by measuring the acid binding capacity. Determination of methoxyl was by 
hydrolysis with hydriodic acid measuring the liberated methyl iodide, absorbed in bromine- 
acetic acid reagent, by iodimetry. In esterification with diazomethane in neutral solution 
only a small portion of the carboxyl groups reacted. Also it appeared to be not specific 
because the number of €-amino groups available to reaction with 2-4 dinitrofluoro benz-ne 
(DNFB) was decreased. Dimethyl sulfate proved more efficient and, under the conditions 
recorded, little or no degradation took place. N-alkylation of the e-amino group of lysine 
was shown with this reagent. It was non-specific. Methyl alcohol with acid catalyst proved 
to be completely specific. In no case was methylation complete. Comparison was made 
between methyl, ethyl and n-butyl alcohols. Under virtually anhydrous conditions the size 
of the alcohol molecule seemed to have the deciding effect on the extent of the esterification, 
decreasing as the size of the molecule increased. Decarboxylation was effected by means 
of (1) Grignard reagents and (2) the action of lithium aluminum hydride on collagen. The 
latter reduces a much greater number of side chain carboxyls. At the same time some of 
the amide groups are reduced. Data given indicate that in aqueous medium the number of 
groups inactivated is limited by steric hindrance due to the structure of collagen. Based 
on the theory of Bear [This Journal 46, 107 and 438 (1951) ] the data here presented would 
indicate that only about 20 per cent of the collagen is in the crystalline state. One explana- 
tion for the absence of terminal groups in collagen would be that they are concentrated in 
the crystalline region of the fiber and are therefore inaccessible to reagents such as DNFB. 
An alternative explanation is the molecular folding of the collagen fibers. To determine 
whether the limited reaction is due to inter- or intra-molecular structure, the work should 
be repeated using “filamented” or soluble collagen. Complete reaction would indicate that 
the limiting factor is the intermolecular structure of collagen. Since limed, delimed and 


bated skins were used for this work, “native” collagen needs to be investigated. R. H. T. 


The Fractionation and Paper Chromatography of Black Wattle Tannins or 
Polyphenols. By D. G. Roux. J. Soc. Leather Trades’ Chemists, 37, 229 (1953). Poly- 


phenols or true tannins are present in black wattle extract, both from fresh bark and from 
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commercial extracts, to about 75 per cent content. They may be fractioned by extracting 
successively with commercial ether freed from peroxides and distilled without drying, with 
ethyl acetate, absolute ethanol and absolute methanol. Methanol is a particularly good 
solvent. A trace of methanol soluble phenols, retained in the gums (probably by occlusion), 
may be removed by extracting the residual gums with hot water and precipitating the gums 
with ethanol. The ether fraction from fresh bark, about 3 per cent of the total polyphenols, 
was examined in detail by paper chromatography and showed catechin and gallocatechin. 
Other unidentified phenolic nuclei are present in minor proportions. Catechin appears to 
be the main constituent of most fresh bark ether extracts, but its presence cannot alone 
account for the relatively high proportion of veratric acid previously isolated from the oxida- 
tion of methylated tannins. In general, with minor variations, the chromatographic pattern 
of the ether soluble tannins from different trees was the same. The pattern could be readily 
distinguished from that of an obvious hybrid. In the commercial extract ether fraction gallic 
acid and resorcinol were also present in high proportion. They appear to be produced by 
enzyme oxidation. Fisetin and traces of other yellow and blue fluorescent constituents appear 
to be common to both fresh bark and commercial extracts. They serve as useful reference 
compounds when comparing two-dimensioned paper chromatograms. Twelve reproductions 
of chromatograms are included. RK. H. TF. 


The Application of Sodium Silicofluoride During the Storing of Hides and Skins. 
By C. C. Kritzinger. J. Soc. Leather Trades’ Chemists, 37, 235 (1953). At present three 
insects are known to damage hides in South Africa. Of these the dermisted hide and skin 
beetles, in adult and larval form, cause the most damage. For protection hides and skins 
must first be properly flayed and cured. They should always be kept in clean, cool, well 
lighted and well ventilated storage; and the time of storage should be no longer than abso- 
lutely necessary. In South Africa sodium silicofluoride has been found most favorable as 
an insecticide. The hides or skins may be dipped, dusted or sprayed. For dipping, dry 
cured hides may be dipped a few minutes in a 5 per cent mixture of sodium silicofluoride 
and water. After this treatment the stock should be allowed to dry thoroughly. Large scale 
tests have demonstrated that dusting on one side of the hides or skins is sufficient, provided 
that about 4 lbs. of the powder is used per 1,000 sq. ft. Spraying is more convenient than 
either dipping or dusting. Work has indicated that excellent results are secured when a 
5 per cent mixture of the silicofluoride in water is used so that about 2 lbs. of the chemical 
are applied to every 1,000 sq. ft. of surface. This chemical should not be used for wool- 
skins which are to be dewooled by the “sweating” process. The powerful bacteriostatic 
action prevents the process from taking place. It may be used by dusting the sides of com- 
pleted bales, using not less than 10 lbs per 1,000 sq. ft. of bale surface. The dust on the 
sides of the bale will prevent the insects from getting through. R. H. T. 


The Measurement of the Resistance of Leathers to the Penetration of Water. 
Report of the Physical Testing Committee. By R. G. Mitton. J. Soc. Leather Trades’ 
Chemists, 37, 240 (1953). A method is recommended which is suitable for leathers whose 
fibers are water repellent but not satisfactory for those whose resistance is due to shutting 
off capillaries as the result of swelling. The apparatus required and method of test are given. 
Phe sample Is exposed to water under pressure on one side of the leather. The resistance 
to water penetration is taken as the pressure found when water appears on the dry surface, 
the pressure having been increased at the rate of 2 plus or minus 0.25 em. of mercury per 


minute, It is noted that the test is for comparison of tannages and water proofing treatments, 


rather than a measure of how the leathers may perform in service. Unless the water pene- 
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trating the leather appears in discrete drops the leather cannot be measured by this method. 
The appearance of the third rather than the first drop is taken as the end point. R. H. T. 


The Constitution of Sulfated Oils. IV. Effects of Variations in Manufacture on 
the Composition of Sulfated Castor Oil. By D. Burton and L. F. Byrne. J. Soc. Leather 
Trades’ Chemists, 37, 243 (1953). The history of castor sulfation is reviewed. The objec- 
tive of this investigation is to study the effects of varying conditions of sulfation of castor 
oil using the analytical techniques described in earlier papers. The castor oil used 
showed the fellowing mg. equivalents to 10 g. of oil: Acid value 0.7 mg. Saponifica- 
tion value 32.3 mg. Iodine value 65.3 mg. In series one the objective was to study the 
effect of the quantity of acid used and the comparative effect of neutralizing the sulfated 
product in alcoholic solution so as to remove the sodium sulfate formed. Three methods 
were used: (1) 125 g. of 98.5 per cent sulfuric added over 10 hrs. holding temperature to 
30°C. Product washed one-half hr. with 1,000 ml. water at 20°. Oil neutralized to pH 6.25 
with 77 ml. of 32 per cent caustic soda solution. Clear yellow oil with 51.2 water content. 
Yield 226 g. per 100 g. castor oil. (IT) Same as preceding except that 200 g. sulfuric used. 
Oil was neutralized to pH 6.45 with 52.8 ml. of 32 per cent caustic and diluted to 54.8 
water content. Clear yellow oil yield 254 g. per 100 g. castor oil. (IIL) 40 g. of sulfuric 
acid added in 6 hrs. at 30°. Dissolved in 200 g. of 96 per cent alcohol at 20°. Neutralized 
to pH 6.55 with 6 ml. of 20 per cent caustic. After standing over night some of the alcohol 
removed by distillation under reduced pressure. Product clear yellow oil with 12.7 per cent 
solvent content. Yield 151 g. per 100 g. castor oil. Results of analyses of these oils are 
given in Table I. 


TABLE I. 


Castor Oil Treated with Increasing Proportions of 
98.5 Per Cent Sulphuric Acid at 30°C. 


Mem. equivalents in the Sulphated Oil yielded by 10 gm. of Castor Oil. 


Per cent 98.5% sulphuric acid 

-COOH 

COONa 

COOH + 

OSO.ONa 

SO;Na ; 

Na,SO, Gravimetric method 

NaeSO, Volumetric method 

NaCl Volumetric method 

OSO.ONa 4- SOsNa (cale. on assumption that whole 
H.SO, combined before subsequent hydrolysis......................- 

Fall in the lodine value . : 

OSO.ONa + SO;Na combined at -OH group before subsequent 
hydrolysis (calc. from difference between acid used and 
half fall in iodine value.) 
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A second series was run to find the effect of (1) sulfating with acetyl-sulfuric acid, (2) 
acetylating the castor oil to block off hydroxyl groups and (3) sulfating with chlorsulfonic 
acid. IV. 190 g. acetyl-sulfuric acid added to 100 g. castor oil in 6 hrs. at 30°. Washed 
one-half hr. with 600 ml. of 20 per cent NaCl at 20°. Oil neutralized to pH 6.65 with 25.1 
ml. of 32 
Yield 185 g. per 100 g. castor oil. Method of making acetyl-sulfuric acid described. V. 100 


g. castor oil acetylated by refluxing 3 hrs. with 200 g. acetic anhydride at 130-135°. Product 


per cent caustic soda solution. Clear oil with water content of 34.2 per cent. 


diluted with 25 g. benzene and 50 g. 20 per cent oleum (free SOs content 14.5 per cent) 


added in 7 hrs. at 20°. Washed one-half hr. with 20 per cent NaCl solution at 20°. Neutral- 
ized to pH 5.75 with 15.8 ml. of 32 per cent caustic soda. Clear oil with 35.9 water content. 
Yield 145 g. per 100 g. castor oil. VI. 100 g. castor oil acetylated as in V. The acetylated 
oil diluted with 20 g. glacial acetic acid and 39 g. chlorsulfonic acid added in 6 hrs. at 20°. 
Washed as in V. Neutralized to pH 6.45 with 19.1 ml. of 32 per cent caustic. Clear oil with 
water content of 32.9 per cent. Yield 139 g. per 100 g. castor oil. VII. 150 g. castor oil 
diluted with 30 g. glacial acetic acid and 58 g. chlorsulfonic acid added in 6 hrs. at 20°. 
Product stirred with 400 ml. of 20 per cent ammonium chloride for one-half hr. at 20°. 
Neutralized to pH 6.15 with 18.6 ml. of 35 per cent ammonium solution and diluted to 30 
per cent water on the oil. Yield 183 g. per 100 g. castor oil. Analyses are shown in 


Table II. 


TABLE IL. 


Effect of Special Sulphating Agents With or Without Prior 
Acetylation of the Castor Oil. 


Mgm. Equivalents in the Sulphated Oil yielded by 10 gms. of Castor Oil. 


Oil No. iV. v, VE. VIL. 


COOH. ..... ; cata asta aonmvin: ae 4.4 9.8 
PI Sh TO Na eines cosnctscersiccxckesesicetausciasseranseteosncenens ED 11.5 5.9 
COOH + -COONa + -COONH, ................ 21.4 15.9 Pr 
OSIONa + OSOWONEN, ..-niccecccsosccsessacss , 9.4 13.2 
SO;Na + -SO3NH ....... seiieteaiccssetics wach 2 0.4 
NaeSO, + (NH,)2SO, Volumetric method................... be 3.6 
NaCl + NH,Cl Volumetric method . i 3. 6.8 
Total ammonia scairasadsomeiceanadetopaeiaea ea q 29.7 
OSO.0Na + -SO;Na + -OSO.ONH, + -SO;NH, 

(Cale. on assumption that whole of acid combined 

before hydrolysis) 
Fall in iodine value ...................0 ee eer 
OSO.0ONa + -SO,;Na + -OSO.ONH, + -SO,NH, 

combined at ~OH group before subsequent hydro- 

lysis (cale. from difference between acid used and 

half the fall in iodine value oo... 
Per cent Degree of Hydrolysis of the Glycerides . < 15 


From the data it appears that considerable hydrolysis of the sulfur esters takes place during 
the washing and neutralization. Esterification of the hydroxyl group is the main reaction 
with sulfuric acid at 30°C. There is less reaction at the double bond in sulfation with sul- 
furic acid than by treatment with acetyl-sulfuric acid or by acetylation before sulfation with 





ABSTRACTS 7 





oleum or by acetylation before sulfation with chlorsulfuric acid or by dilution with glacial 
acetic acid before treatment with chlorsulfonic acid. The highest sulfuric ester content is 
obtained by diluting with glacial acetic acid, treating with chlorsulfonic acid, washing with 
20 per cent ammonium chloride and neutralizing with ammonia. The highest sulfonate 
content is obtained by treating the castor oil with 40 per cent of sulfuric acid at 30° for 
10 hrs. There is no sulfonate formed when castor oil is acetylated before treatment with 
oleum or with chlorsulfonie acid after dilution with glacial acetic acid. The ability of 
sulfated castor oil to give transparent solutions or white emulsions is probably determined 
by reaction with the double bond or esterification of the hydroxyl group respectively. 


R, HLT. 


Fellmongering Investigations XVII. Improved Water Digestion of Sheepskin 
Pieces by Aeration and the Addition of Calcium. By W. G. Crewther and T. A. Press- 
ley. Australian J. Appl. Sci. 4, 344 (1953). The effect of the addition of nutrient media, 
bacterial cultures, and metallic ions on the rate of digestion of sheepskin pieces in warm 
water under aerobic and anaerobic conditions has been followed on a laboratory scale. 
Aeration of the digest gives the most rapid digestion, especially if the liquor contains at 
least O.O1 N calcium. The addition of nutrients such as peptone increases the rate of 
digestion, whereas in the presence of glucose the pH falls and digestion becomes very slow. 
Of the bacteria tested, selected strains of Aerobacillus polymyxa cultured on wheat mash 
gave most rapid digestion and exceptionally white wool. The methods outlined above are 
unsuitable for the digestion of pieces from skins which have been treated with depilatory 
paint, but these are digested rapidly after neutralization and pretreatment with a protease 
solution. 


Effect of Pickles and Neutral Salts on Skins. By N. I. Kolesnikova. Legkaya Prom. 
9, No. 8, 24 (1949). Through Chem. Abst. 47, 4115 (1953). Treatment of skin with strong 
pickling solutions increases the firmness of the skin, decreases its capacity to be cemented, 
and lowers somewhat the strength and toughness of wet specimens. Firming of the skin 
during pickling is not dependent on the effect of molecular cross links. The firming effect 
is related to the dehydrating effect of the pickle. Firming action of pickling solutions and 
of chrome tanning becomes completely apparent only after additional mechanical treat- 
ments. If fur-treating pickles are used, the conditions which cause the firming and accom- 
panying phenomena are created not during the pickling but during the intermediate dehy- 
dration in the course of drying when the concentration of acid and salt within the skin 
increases. The most favorable effect on albumins is produced by salts of the salting-out 


type, while hydrotropic salts disturb the albumin structure sharply, especially during pro- 
longed action and during drying. 


The Tanning of Gelatin by Chrome Alum, I. Effect of Chrome Alum on Physical 
and Mechanical Properties. By J. Roman, A. M. Venet, H. Chateau and A. Accary. 
Bull. Soc. Chim. France, 928 (1952). Through Chem. Abst. 47, 4115 (1953). The effect, of 
various factors on the viscosity of gelatin solution treated with chrome alum, on the melting 
point of the gel, and on the osmotic molecular weight was studied. Viscosity of very dilute 
gelatin solutions decreased with time of treatment; but, at larger concentrations, there was 
a large increase of viscosity with time. At a pH of 4.75 (isoelectric point), viscosity of a 4 
per cent gelatin solution increased with Cr concentration until gelling took place; for a 


2 per cent solution, viscosity increased to a maximum, then decreased; for a 0.5 per cent 
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solution, viscosity decreased with Cr concentration. The increase of viscosity was zero at 
pH 3.0, then increased to reach a maximum at pH 4-5, then decreased again. The optimum 
pH decreased with time of treatment. The effect on gel melting points was similar. Solu- 
tions which were dilute enough to show a decrease in viscosity with increase in Cr. con- 
centration at pH 4.75 showed an increase at pH 4.0. If the pH was changed half way 
through the reaction, the properties after a time became almost those of a solution which 
had reacted at the latter pH throughout. The difference between violet and green chrome 
alum solutions was due almost entirely to the difference in pH, but the green solutions 
were slightly more active. In the presence of OAc, which complexes Cr, measurements 
were possible up to pH 8, where otherwise Cr (OH); would precipitate. Osmotic measure- 
ments were complicated by the fact that the solutions changed during establishment of 
equilibrium, but it was possible to fix upper and lower limits, and molecular weights were 
seen to increase with Cr treatment. All the results were explained by assuming the forma- 
tion of inter- and intra-molecular bridges through Cr, the former, more easily formed in 
concentrated solutions and at pH values remote from the isoelectric point, where gelatin 
molecules are less coiled, causing a viscosity increase, while the latter may cause a decrease 
because they occupy a site which would normally cause an intermolecular attraction. Aging 


causes re-arrangement of bonds. 


Tanniferous Plants of Oceania. By P. Petard. Wed. Trep. 12, 181 (1952). Through 
Chem. Abs. 47, 4116 (1953). The fresh fibrous wad of Cocos nucifera var. oviri contained 
2.82 per cent tannin by the hide powder method. Dry barks of Aleurites moluccana con- 
tained 4.82, Syzigium jambolanum 7.2, Casuarina equisetifolia 7.6, Nauclea rotundfolia 6.3, 


Terminalia catappa 9.65, and Psidium guaiva 10.66 per cent tannin. 


Tannin from Bark of Myrica Rubra. By Y. Sakuda. J. Chem. Soc. Japan, 73, 414 
(1952). Through Chem. Abst. 47, 4640 (1953). A tannin (9.3 g.) was extracted from 1.6 
kg. of bark of Wyrica rubra. It is a pale brown, amorphous, hygroscopic powder, soluble in 
water, alcohol and acetone, and insoluble in EtOAc, CHCl,, and CoH. The aqueous solution 
has an astringent taste and gives a blue-black precipitate with FeCl,, and a yellowish white 
precipitate with concentrated H.SO, in the cold; the latter precipitate dissolves on heating 
and a reddish brown precipitate appears on further heating. Fusion of the tannin with 
KOH at 180-200° gave gallic acid and glucose. 


Wattles. By P. H. Rao. Science and Culture 18, 92 (1952). Through Chem. Abst. 47, 


164) (1953). A summary is given of the tannin content of bark of the various species of 


wattle. 


4 Minimum Value Assay for Tannins and Tannin Tinctures. By L. Fuchs, M. 
Wichtl and H. Haring. Scientia Pharm. 20, 209 (1952). Through Chem. Abst. 47, 4640 
(1953). Boil 1 g. finely powdered (sieve V) galls, roots of tormentil or of rhatany, or oak 
hark in 50 ml. of water, shaking frequently, for 1 hour on a steam bath, and filter. Soak 
the residue one-half hour in 50 ml. boiling water, filter, combine the filtrates and make up 
to 100 ml. (4). Dilute 5 ml. of tincture of galls to 100 ml. or 5 ml. of tormentil or rhatany 
to 50 ml. (B). In testing these three materials, or their tinctures, mix the proper volumes 
of A or B with an equal volume of 10 per cent sodium acetate solution, add the proper 


amount of 2 per cent lead acetate [Pb (OAc)e.3H.O] (V’) solution, warm 3 minutes in boil 
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ing water, allow to stand one-half hour, remove, and filter 3 ml. of supernatant liquid, and 
add O.1 ml. V to 2 mi. of filtrate. If there is no precipitate after 3 minutes in boiling water, 
there is less than the approved per cent of tannin in the preparation. The volumes of 4 or 
B and lead acetate and prescribed percentages of tannin are: galls (solid), 4 2 ml., lead 
acetate 2 ml, 50 per cent galls (tincture), B 2 ml, lead acetate 1.5 ml., 7.5 per cent; tor- 
mentil (solid) 4 3 ml. lead acetate 0.7 ml., 15 per cent; tormentil (tincture) B 3 ml., lead 
acetate 1.3 ml, 1.5 per cent; rhatany (solid) 4 3 ml., lead acetate 1 ml., 12 per cent; 
rhatany (tincture) B 3 ml., lead acetate 1 ml., 1.6 per cent. To test oak bark, mix 5 ml. 4 
and 0.6 ml. Cu(OAc)s.H.O solution (0.4 per cent). After 2 hours remove 3 ml., filter and 
add 0.1 ml. of the copper acetate to 2 ml. of the filtrate. The oak bark contains less than 7 
per cent of tannin if no precipitate forms. 


Structure of Sealskin and Changes During Processing. By M. F. Ivanov and I. G. 
Urazov. Legkaya Prom. 11, No. 9, 35 (1951). Through Chem. Abst. 47, 5147 (1953). 
Processing of cured product results in mechanical removal of large hairs owing to changes 
in physicochemical and morphological characteristics. As a result of this, steam sweating 
was replaced by soaking. 


Determination of Calcium Collagenate in Skin by a Semimicro Method. 
By L. M. Kulberg, A. V. Yudin and N, I. Chechenev. Legkaya Prom. 11, No. 12, 34 (1951). 
Through Chem. Abst. 47, 5147 (1953). The existing method of converting the Ca into Ca 
oxalate and titrating with permangante, which requires 5 hours, is reduced to one hour. 
Ignite a 0.2-0.3 g. sample in a high and narrow porcelain crucible in the presence of KNOs, 
precipitate Ca oxalate from solution, centrifuge, dissolve in H.SO,, and titrate with perman- 
ganate (0.01 N if unlimed and 0.02 N if limed). Results were satisfactory. 


Processing of Dolphin Hides. By 1. N. Veretennikov. Legkaya Prom. 11, No. 8, 16 
(1651). Through Chem. Abst. 47, 5147 (1953). Leather satisfactory for insoles and sandal 
uppers was prepared, Characteristics of the commercial product were average thickness 1.3 


mm., tensile strength 1.89 kg./sq. mm., and 42 per cent stretch at a stress of 1 kg./sq. mm. 


The splits were dried at 20-25° for 30-36 hours to not over 12 per cent moisture, and then 


degreased with 150 per cent turpentine, kerosene, or dichlorethane. The final grease content 
is not ever 10-12 per cent. Chrome and vegetable tanning did not require prior liming. If 
the density and thickness of hides meet the requirements for sole leathers, they can be 
vegetable tanned without prior chrome tanning. 


The Role of the Amino and Hydroxyl Groups of Collagen in Chrome Tanning. 
By R. W. Green. Biochem. J. 54, 187 (1953). Through Chem. Abst. 47, 8398 (1953). 
Hide powder was acetylated to yield as series of collagens containing from 0 to 1.8 meq. 
Ac per g. These were tanned 3 days with Cr sulfate liquors of basicities from 0 to 50 
per cent and with an oxalatochromate liquor. Fixation of Cr declined linearly with degree 
of acetylation, with no break at 0.4 meq. Ac (complete acetylation of ¢- Amino-groups). 
Phe percentage decrease in Cr fixation increased with the basicity of the Cr liquor. The 
relative amounts of Cr fixed from 30 per cent basic liquor by the collagen containing 0, 0.4, 
and 1.73 meq. Ac per g. were about 1.0, 0.9, and 0.5, respectively. Fixation of Cr from the 


oxalatochromate was about half as great as from 30 per cent basic Cr sulfate for all Ac 
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contents. Thermally denatured collagen, nonacetylated or fully acetylated, fixed slightly 


more Cr than corresponding preparations of nondenatured collagen. No Ac was displaced 
during tanning. Pretreatment of collagen with AcOH or Ac.O under nonacetylating condi- 
tions had a negligible effect on Cr. fixation, by collagen that was fully acetylated and subse- 
quently deacteylated was only 5 per cent lower than by nonacetylated collagen. Results 
support the hypothesis that, while Cr tanning involves primarily the fixation of Cr by carboxyl 
groups, coordination of NH.- and OH groups to the Cr atom also occurs, resulting in a 
bridging effect. Since the reduction in Cr fixation amounts to about one atom of Cr for 3 to 
+ Ac groups introduced, it is inferred that only about one third of the NH.- and OH groups 
are capable of coordination with Cr fixed by carboxyl groups. 


Hydrolysis of Proteins by Ion Exchange Resin Catalysis. By J. C. Paulson, F. E. 
Deatherage and E. F. Almy. J. Amer. Chem. Soc. 75, 2039 (1953). The hydrolysis of 
casein by ion exchange resin catalysis proceeds very near to the point of completion after 
refluxing the protein with 0.05 N hydrochloric acid and Dowex 50 for a period of 48 hours. 
Low recoveries of certain amino acids are believed to be due to the presence of unhydrol. zed 
peptide residues. The rate of protein hydrolysis by ion exchange resin catalysis is affected by 
the nature of the resin and the nature of the protein. Among the proteins investigated, thi: 


type of hydrolysis indicates a peptide bond selectivity for certain amino acids. 
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BALANCED PERFORMANCE 


...and with NOPCOLENES that means 


surface lubrication with controlled penetration 


N mountain climbing, perfect balance and coordi- 
] nated action, sure penetration of piton and axe in ice 
or rock, can mean the margin between a successful 
step upward or a perilous plunge downward. 


In fatliquoring leather, as in mountain climbing, 
balanced performance —effective dual action—is vital. 
That’s why the new, doubdle-action Nopcolene* fat- 
liquors are so important to your leather processing. 


These specially developed products give excellent 
surface lubrication plus controlled penetration—a bal- 
anced performance that results in tight grain, good 
tensile strength and stitch tear, at the same time per- 


mitting the tanner to achieve whatever degree of tem- 
per, softness, hand, break or stretch desired. 


Nopcolene fatliquors are readily soluble. Since many 
of them are moisture-free, others containing not more 
than 6-7% moisture, you save on freight, handling and 
storage. 


Unless you are already using Nopcolenes, try them 
for leather products that can mean greater profit and 
prestige for you. Send today for full details. 


a 


eS = 


- 
| ea 


FREE! This book gives up-to-the- 
minute data about Nopco’s Nopco- 
lene* fatliquors and formulas for 
various leathers. Write for a copy. 


*T. M. Reg. U.S. Pat. OF. 


NOPCO 


Chemical Company, Harrison, N. J. 





Sterozol 


Reliable Germicide and Preservative 


ry 


Sterozol is a non-coloring, non-interfering liquid which can be 
used in any wet operation: 

@ For inhibiting microbial action on hides and skins in process 
@ For inhibiting mold on stock and leather in process 

@ For preserving finishes 


Sterozol’s low relative toxicity, ease of handling and economy 
have contributed in a large measure to its 


acceptance in the trade. 
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porneo G YT © HH extract 


(MANGROVE BARK EXTRACT) 


SAXE CUTCH CORPORATION 


500 FIFTH AVENUE ## NEW YORK 36, WN. Y. 


UNIFORM TANNER’S OILS 


for Every Type of Leather 
MARDEN WILD CORPORATION 


SOMERVILLE, MASSACHUSETTS 
MARDEN WILD OF CANADA, LTD., HALIFA; N.S. 


Many tanners and fin- 
ishers report that 
stronger, longer-wearing 


products result when 

they use Sun’s “Job 
Proved” Leather-Processing Oils. These oils provide uniform 
fiber lubrication. By eliminating processing headaches, they 
help to speed up production. Sun Leather oils are easy to 
mix. They do not form surface scum. For additional in- 
formation, call your nearest Sun Office. .. or write to SUN 
O1t ComMPANY, Philadelphia 3, Pa. In Canada: Sun Oil 
Company, Ltd., Toronto and Montreal. 


<SNOCD> 


SUN PETROLEUM PRODUCTS 


“JOB PROVED’ IN EVERY INDUSTRY 








BELL-MINE LIME 


Year-round Uniformity 


Dependable Source of Supply 


WARNER COMPANY 


Bellefonte Division, Bellefonte, Pa. 


PITTSBURGH - - - - PHILADELPHIA - - - - NEW YORK 


Quality Calf Leather 
LUXOR - BLACK JETTA 
KAFFORITE - KOZY - JILL JETTA 
EMBOSSED CALF - WHITE WASHETTE 


TANNERY & GENERAL OFFICES: GIRARD, OHIO 
BOSTON * NEW YORK °* ST. LOUIS * CHICAGO 








EISENDRATH rine CALF LEATHERS 


IN COLORS AND BLACK 


B. D. Eisendrath Tanning Company 


801 Merchandise Mart, Chicago, Ill. * Tannery at Racine, Wisconsin 


92 South St., Boston, Mass., Day Gormley Leather Co. 12 E. 33rd St., New York City, Moe Shapiro 
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MORITE BRAND 


Sulphonated and Compounded 


OILS 


EST. 1908 EST. 1908 


WHITTEMORE-WRIGHT COMPANY. INC. 
62 ALFORD ST. CHARLESTOWN DISTRICT BOSTON, MASS. 


4 The Original Dry Color 
for Splits and Suede 
PRESTO — paste form) 
4 PRESTO COLOR COMPANY 


WEST ALLIS 14, WIS. 


Dry Colors «+ + Finishes 





gO 
BORAX AND BORIC ACID HAVE LONG BEEN USED IN THE TANNING AND FINISHING OF GOOD LEATHER 


SEND TODAY 
FOR FREE BOOKLET: 


"'PROCESSING 
HEAVY 
LEATHER” 


ing 


wil 


PACIFIC COAST BORAX CO. 


DIVISION OF BORAX CONSOLIDATED, LIMITED 
NEW YORK « LOS ANGELES ¢ CLEVELAND ¢ CHICAGO 





WHITEMAN- 
WALTON CO. 











ESTABLISHED 1883 

Exclusively a Tannery Paper 
Devoted to Leather Technology, Tanning and Finishing of 
Leather, Tannery News and Markets. 


Affords complete tannery coverage, concentrated among 
tanners, chemists and buyers of materials, raw stock and 
equipment. 


Technical articles and newsworthy 
features invited for publication. 


THE LEATHER MANUFACTURER 
NEW YORK OFFICE BOSTON OFFICE 
154 Nassau St. 683 Atlantic Ave. 





XXX 
DIRECT ROUTE INTO TANNERIES 


Shoe and Leather Rourin 


THE TECHNICAL JOURNAL FOR SUPERINTENDENTS. CHEMISTS, TANNERS AND BUYERS === 


The TANNERY BUYER Section of the Shoe and Leather Reporter 
is published the third issue every month and is read by every im- 
portant executive, superintendent, chemist and buyer. 


Tell your message to these men who buy your product in the TAN- 


NERY BUYER. 
SHOE AND LEATHER REPORTER 


Executive Offices: 210 LINCOLN ST., BOSTON 11, MASS. 


Representatives in 


CHICAGO LONDON, ENG. ° PHILADELPHIA WASHINGTON 
ST. LOUIS NEW YORK ° LOS ANGELES SAN FRANCISCO 


Salem Oil & Grease Co. 


FAT LIQUORS 
FEATURING 
CONTROLLED PENETRATION 


SALEM. MASSACHUSETTS 








STANDARD HIDE POWDER 


A material made to specifications and used internationally 
for the analysis of vegetable tanning materials 


FRANK F. MARSHALL 
RIDGWAY + PENNSYLVANIA 


Garden State Tanning Ine. “The Extension of Knowledge is 


: by the Investigation of Matter”. 
Pine Grove, Pa. 


This space dedicated to 
M. facturers of 
wen Tanners’ Council Research Laboratory 


Upholstery Leather by a Friend 


New York Office 330 Fifth Avenue 





KEPECO FINNALINE KEPOLAC 
EMULLO - KEEPA-SHINE FONDO 
UNI-LAK 


(Reg. U. S. Pat. Office) 


KEPEC CHEMICAL CORPORATION 


MILWAUKEE I, WISCONSIN 


ARTHUR C. TRASK CO. 


Tanners Oils & Extracts 


CHICAGO, ILL. 


4103 S. LASALLE ST. 
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That’s the standing of LEATHER AND SHOES in the tanning industry. 


The latest circulation statement shows that LEATHER AND SHOES has 


108% more paid and audited circulation among tanners (audited by the 


\udit Bureau of Circulations). That's more than double the number of 


paid subscribers of any other magazine. 


But readership is even more important. A recent study revealed that at 
least 3500 top level executives in the tanning industry are reading 


LEATHER AND SHOES. 


Consider the facts: LEATHER AND SHOES 
. does the outstanding job in editorial service. 
. . . has twice the paid circulation and considerably more readership. 
. carries more than double in advertising volume. 
. does not sell advertising on its front cover. 


is the industry’s most dynamic business paper. 


\n investment in a subscription to LEATHER AND SHOES will 
pay dividends in knowledge—an investment in advertising in LEATHER 
\ND SHOES will pay dividends in 


success. If you want more facts, write 


us today. \ 


LEATHER AND SHOES 
300 W. ADAMS STREET 
CHICAGO 6, ILLINOIS 
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Fertdhes 


for all types of ~ 
chenille 
NEWARK 


LEATHER FINISH CO. 


8 WILHELM ST. HARRISON, N. J. 


Telephone: Humboldt 5-3470 


HOLES LEATHER C0. J BNA LIEN Ine. 


SOLE LEATHER 


Buford, Georgia 
— TANNERS SINCE 1873 
Tanners Cut Sole Division ‘ 


Finest English Rein 
and Strap Leather 


CUT SOLES Latigotan Harness Leather 
— act of g e English 
od fal if rigge 4 en ad tooled 
saddle 


BOSTON, MASS. 
ST. LOUIS, MO. CHICAGO, ILL. 





well-known brands 
all over the world 


"Ideal" Special Quebrachoblend Extract 
Wattle Bleach Extract 

"Landskrona” Quebracho Extract 
“Weibull” Mimosa Bark Extract 
“Scania” Larchbark Extract 

"Weibull Myrabollam Extract 

Mimosa Sulph Extract 

"Kiptan” Special Blend Extract 
"Svecia” Oakwood Extract 

Triumph” Special Quebracho Extract 


GARVAMNES AB WEIBULL 


Landskrona — Sweden — Cable: Wetbulltan 





ea FINISHES Uniform a binder, filler and carrying agent. 
pein es Builds up body. Improves covering power and 
spread. Nourishes fiber and eliminates harsh feel. 

No manipulation necessary. 


7 Gals tet imparts permanent flexibility. Does not “pipe” or 


crack. Covers cuts and imperfections. 


SUEDE SPLITS Plumps the skins, strengthens and builds up low 
ee ends. When sueded the skins have a velvety 
nap and full mellow feel. Does not lay on the 
surface. 
Manufacturers 


Established 1900 ofa complete line 


P : 
Vases cas ae of SPecialtios for 
225 West 34th St., New York 1, N. Y. © fanning trade 


UNION TANNERS SUGAR - CHIPPED OR BILLETS 
UNIFORM CLEAR NON-FOAMING UNIFORM CLEAR 
CHIPPED OR BILLETS UNION TANNERS SUGAR 


UNION STARCH & REFINING CO. 


Established 1903 
General Offices: COLUMBUS, INDIANA 
NON-FOAMING UNIFORM CLEAR NON-FOAMING 
UNION TANNERS SUGAR - CHIPPED OR BILLETS 
UNIFORM CLEAR NON-FCAMING UNIFORM CLEAR 








FOR THE BEST FOR 


VEGETABLE CHROME 
TANNED CHROME RETAN 


“<< 
SOLE LEATHER q RESCH » SOLE LEATHER 
TTT 


COMPOUNDS 
TANNERS’ SUGAR LACTIC ACID 
BUFFALO EXTRACT & SUPPLY CO. -:- BUFFALO, N. Y. 





RESEARCH THE TANNERS’ COUNCIL 
PAYS DIVIDENDS RESEARCH LABORATORY 


University of Cincinnati 
when Properly Applied. 
0G 
THE TANNER’S COUNCIL 
RESEARCH LABORATORY 


We serve the Tanning and Leather Industry 
Universtty of Cincinnati 


through a broad program of Research. 


KOREON 


MUTUAL’S 
PREPARED ONE-BATH 
CHROME TAN 


Sodium Bichromate - Potassium Bichromate 


Mutual Chemical Co. of America 
270 Madison Avenue New York 16, N. Y. 


Plants: Jersey City, N. J. — Baltimore, Maryland 





ALUM STABLE OILS 
SYNTHETIC ESTERS 
SULFATED OILS 
SUEDE OILS 
ii—~ POTASH SOAPS 


my TANNING OILS 


DREW 
LEATHER OILS 


A complete line, resulting from 


40 years’ experience in 
distilling, fractionating and 
esterifying various oils and their 
derivatives. DREW offers fine 
leather oils for every step in 
processing all types of leather. 


Write for free catalog. 


LEATHER OILS DIVISION 


E. F. DREW & CO., INC. 


15 East 26th St., New York 10, N.Y. 
CHICAGO e PHILADELPHIA + BOSTON 


J 


PPEPARED FAT LIQUORS 
PLASTICIZERS 
CONDITIONED RAW OILS 
STUFFING COMPOUNDS 
DEGREASING AGENTS 
WETTING AGENTS 
PENETRATING AGENTS 
SYNTHETIC NEATSFOOT 
NEOPALS 
HYGROSCOPIC AGENTS 





CHOICE 
or Higher Quality 
Leather Production 


Better Grading Figures! 
Better Cutting Figures! 
Overall Economy! 


Extracts — Pancreatic Bates — Fillers 
Sole Leather Finishes - Tanners Sugar 


Tanners Lime — Chemicals 


“< 
a 


COUDERSPORT, PA. 





XXXIX 


in shade 


for fashion 


SGyé 


\N SUEDI 


A NEW DU PONT COLOR FOR GARMENT LEATHER 


Here is a light beige shade developed by Du Pont 

for fail fashion showings. Outstanding character- DYES RECOMMENDED 
ae . ee ‘ ° FOR LIGHT BEIGE SHADES 
istics of the dye combination are its superior 

uniformity and good fixation. Du Pont Stilbene Yellow Conc. 

st ; : Du Pont Orange RO 

his new color is typical of the shades achieved Du Pont Silk Orange R. Extra Conc. 125% 
from the level-dyeing. deep-penetrating Du Pont “PONTACHROME”’* Brown G 

dyes. The line has full, bloomy undertones and *REG. U. S. PAT. OFF 
complete compatibility with syntans. They give 


products enviable color performance that brings 


satisfaction to the customer. Z 
In addition to manufacturing a complete line of 
dyes, Du Pont’s Dyes and Chemicals Division UW 


maintains a technical-service staff. You will find 


that this experienced staff will help you in solving 


your coloring problem, BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 





nn with Mi tay! 


Now—thanks to this specially developed butadiene- 


acrylonitrile latex for leather treatment—you can give 


your leather products great new selling features, with 
new ease of finishing! 


New toughness and durability! With its high tensile 
strength, Nitrex® gives leather outstanding resistance to 
tearing, scuffing, all sorts of abrasion. It protects 
against water, gasoline and other petroleum products, 
animal fats and oils, alcohols, glycols, paint and ink 
dryers, and lacquer solvents—keeps leather soft, supple, 
and strong under the severest conditions 


New good looks! Nitrex is completely non-staining. 


It gives glossy, tack-free finishes that may be either 
transparent or Opaque, in a wide variety of true, lasting 
colors. What's more, Nitrex-coated leather has excellent 
resistance to sunlight and aging—won't craze, dull, or 
lose its beauty for years and years. 


New ease of application! Since Nitrex is a water 


dispersion, it accepts fast acceleration without scorch- 
ing. And it is highly compatible with casein. 

See how easy it is to treat your leather products to 
new beauty and serviceability. To learn more about 
Naugatuck’s Nitrex, its use and many advantages, 
simply write on your letterhead to the address below. 
Nitrex is a product of the world’s leader in latices. 


Naugatuck Chemical 


Division of UNITED STATES RUBBER COMPANY « 3512 Elm Street, Naugatuck, Conn. 


BRANCHES: Akron e Boston e Charlotte 


sew York e Philadelphia 


e Chicago e Los Angeles ¢ Memphis 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario 





BARKEY IMPORTING CO. INC. 
44 East 53 St., New York 22, N. Y. 


IMPORTERS 
Vegetable Tanning Extracts 


and Raw Materials 
Wattle Bark 
Wattle Extract 
Quebracho Extract 
Valonia Cups, Beards 
Valonia Extract, Valex Brand 
Mangrove Bark 
Sicily Sumac 
Myrabolans 
Divi divi 


SOLE AGENTS FOR UNITED STATES AND CANADA 
for 
italian Chestnut Extracts 
Solid and Powdered 


Produced by 


LEDOGA S. P. A. 
MILANO, ITALY 





XLII 
Proven in the Color Room 


NOW... for the tan cellar, too! 
GYCOTAN F LIQUID 


Especially for the new 


“glovey” tpye leathers 


Recognized in the color room for its value as a dye 
assist and levelling agent, this versatile synthetic, 
replacement-type tanning material has proven equally 
important in the manufacture of “softie”’ shoe, 

garment and glove leathers. Gycotan F Liquid produces 
a round, soft, mellow leather with a smooth, tight grain. 


GYCOTAN F LIQUID... 


* is readily applied by conventional tanning methods... 


* is used as a self-tanning material on certain 
specialty leathers... 


* is compatible in the retan of chrome leathers... 
* and in vegetable blends! 

Your Geigy representative will be glad to provide 
complete technical information about Gycotan F 


Liquid and assist in applying it to your tannery problems. 


* Geigy Registered Trademark 


GEIGY DYESTUFFS 


DIVISION OF GEIGY CHEMICAL CORPORATION 
89-91 BARCLAY STREET, NEW YORK 8, NEW YORK 


dyestuff makers since 1859 


a 


BRANCH OFFICES: BOSTON ° CHARLOTTE, N.C + CHICAGO * LOS ANGELES PHILADELPHIA 
PORTLAND, ORE. - PROVIDENCE - TORONTO - IN GREAT BRITAIN: The Geigy Co. itd., Manchester 





THE 
TANNERS’ COUNCIL RESEARCH LABORATORY 


THE UNIVERSITY OF CINCINNATI 
is 
THE DEPARTMENT OF BASIC SCIENCE 
in 
THE GRADUATE SCHOOL OF ARTS AND SCIENCE 


The purpose of the laboratory is to conduct scientific research in the fields of 
Science concerned with Tanning and Leather. 


To train Chemists in the technique of research and prepare them for Industry. 


This Laboratory serves as the Official Technical Headquarters for the Tanning 
Industry of the United States. 


Your inquiries will be gladly answered. 


Address DR. FRED O'FLAHERTY, Director 
Tanners’ Council Laboratory 
University of Cincinnati 
Cincinnati 21, Ohio. 























GENUINE UNALTERED 


EGG OIL 


PRODUCED COMMERCIALLY 
FOR THE FIRST TIME 


TYPICAL ANALYSIS 


Water 

Ash 
Unsaponifiables 
Insoluble in Benzene 
Insoluble in Benezene 
Insoluble in Acetone 
Phosphorous P:Os;_ . 
Lecithin (PsOz x 11.5) 
Oil 


Free Fatty Acids 
lodine Value 


THE IDEAL FAT LIQUORING OIL 
FOR ALL TYPES OF LEATHER 


Emulsifies readily and will carry up to three times 
it’s weight of raw oils such as Neatsfoot, Cod, Corn, 
etc. Eliminates SO: effect on Chrome Complex, Giv- 
ing Tight Flanks and Shoulders—Also makes finish- 
ing easier. 


CIPO INC. 


SOLE AGENTS 


549 W. WASHINGTON BLVD. 
CHICAGO 6, ILLINOIS 





INDEX TO ADVERTISERS 


AMERICAN CYANAMID COMPANY 
AMERICAN DYEWOOD CO. 
AMERICAN EXTRACT CO. ... sivas 
ANTARA CHEMICALS DIVISION, GENERAL 
APEX CHEMICAL CO., INC, . 
ARKANSAS COMPANY, INC. 
ARTHUR C, TRASK CO 
ARTHUR THOMAS CO 
ATLAS REFINERY oaks 
BARIUM REDUCTION C ORP ORATION 
BARKEY IMPORTING CO., INC. 
BONA ALLEN, INC. see 
BUCKMAN LABORATORIES 1? 
BUFFALO EXTRACT & SUPPLY co. 
CALCO CHEMICAL DIV. 
CHEMTAN COMPANY 
CIPO ING a cae clea 
DIAMOND ALKALI CO 
E. F. DREW & CO., INC 
E. 1. DU PONT DE NEMOURS & co. 
EISENDRATH TANNING CO 
FRANK F. MARSHALL .... 
GARDEN STATE TANNING INC 
GARVAMNES AB WEIBULL 
GEIGY COMPANY, INC 
HOOKER ELECTROCHEMICAL CO. 
HOWES LEATHER CO., IN¢ Sie give 
INTERNATIONAL PRODUCTS COLP 
, CHEMICAL CORPORATION 
AND SHOES er 
MANUFACTURER, THE 
LINCOLN & SON, INC. . 
MARDEN WILD CORVORATION 
MEAD CORPORATION, THE ......--.. 
MUTUAL CHEMICAL CO. OF AMERICA 
NATIONAL ANILINE DIVISION, ALLIED CHEMICAL & 
NEWARK LEATHER FINISH CO 
NOPCO CHEMICAL CO ae 
OHIO LEATHER CO., THE . 
OLSON SALES AGENCY, THE 
PACIFIC COAST BORAX CO 
PRESTO COLOR CO 
REILLY-WHITEMAN-WAL TON CO 
RIVER PLATE CORPORATION, THE 
ROBESON PROCESS CO. 
ROHM & HAAS ea 
SALEM OIL & GREASE CO. 
SAXE CUTCH CORPORATION 
SHOE & LEATHER REPORTER 
SOCONY-VACUUM OIL CO ‘ 
SOLVAY PROCESS DIVISION, ALLIED CHE MIC ‘AL & DYE CORP 
SUN OIL COMPANY “% 
TANEXCO, INC ; ; sabe 7 bie pia ie a0 Se XLVI Inside Back Co ver 
TANNERS’ COUNCIL RESEARCH LABORATORY eee ee 0 nw.be e6res cabaeee=—aeaae VE . 
TEAS EXTRACT CO. 
UNION STARCH & REFINING CO 
UNITED STATES RUBBER COMPANY 
WALLERSTEIN COMPANY, INC. 
WARNER CO i 
WHITTEMORE-W RIG :HT Cc 0. 
WOLF, JACQU ES & CO. 
YOU NG CO.,. J 





ITALIAN 


CHESTNUT EXTRACT 


Solid — Powder — Spray Dried 
also 
MELLOWED CHESTNUT 
Highly Soluble — Weight Giving — Good Color 
MADE FROM LIVE WOOD 


TYPICAL A.L.C.A. ANALYSIS 
Mellowed Spray 
Solid Powder Dried 
TANNIN ; . 6b#2 65.95 7a 
NON-TANNIN eee ? 19.1 
INSOLUBLES Senate ; iF 
WATER er a ee ee . : 6.7 


STAINLESS SUMAC CRYSTALS 


(WH: 
\ 


HIGHEST QUALITY—MADE UNDER THE SUPERVISION 
OF THE WORLD’S LEADING EXTRACT CHEMISTS 


SOLE AGENTS 


TANEXCO, INC. 


549 W. Washington Blvd. Chicago, Illinois 





MYRTAN 


A TANNING EXTRACT 


made from the wood of an Australian 
species of the Eucalyptus family. 


It contains both catechol and pyrogal- 


lol tannin, the latter predominating. 


TYPICAL A.L.C.A. ANALYSIS 
TARGON.. www lle SS 
NON-TANNIN . . . . 16.03 


WOU. wll wlCU 
Waeee . st ts ss Ee 


Also Available as Liquid with 30% Tannin 


As a retanning agent for chrome tanned leather, Myrtan 
possesses many advantages, such as smooth and strong 
grain, good color and break, as well as a round feei 


Blended into sole leather tannages, it has given better 


yields and improved color. 


For further information address: 


TANEXCO, INC. 


549 WEST WASHINGTON BLVD., CHICAGO 6, ILLINOIS 


SOLE AGENTS 
U.S.A. 





DERMABATE 
COMPOUNDS 
LIQUID EXTRACTS 


HEMLOCK 
OAK 
MANGROVE 
WATTLE 
STAINLESS SUMAC 
ORDINARY SUMAC 
QUEBRACHO 
SPECIAL DIPPING EXTRACTS 
RAPID TAN “G” 


AMERICAN 
EXTRACT CO. 


Manufacturers of the Largest 
Variety of Vegetable Tanning Extracts 
Established 1887 
PORT ALLEGANY, PA. 


CANADIAN REPRESENTATIVES: 
McArthur Chemical Co., Ltd., 20 St. Paul St., West, Montreal: 73 King St., West Toronto 
ENGLISH REPRESENTATIVES: 
Roy Wilson, Dickson, Lid., 7-8 Railway Approach, London, S. E. 1 





